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MOLECULAR CHARACTERIZATION OF ISOLATES OF 
Aspergillus SPECIES 
ABSTRACT 
In recent years, there is an increased awareness for the quality of the 
agricultural commodities at domestic as well as international markets. The buying 
nations have been stipulating more stringent norms for the quality of the produce. 
Among several quality parameters, aflatoxin contamination is one of the major 
non-tariff trade barriers in the international trade due to its immune-suppressive 
effect. Groundnuts are considered high-risk commodity due to the Aflatoxins 
which are secondary metabolites produced by Aspergillus spp. One hundred and 
eighty seven isolates of Aspergillus spp. collected from ten different major 
groundnut producing districts of Gujarat and were characterized at both 
morphological and molecular levels. On the basis of colony type and colony color, 
isolates could be grouped into three distinct groups, group A (155 isolates) 
characterized by parrot green colony, group B (20 isolates) characterized by white 
fluffy colony with yellow sporulation, and group G (12 isolates) characterized by 
olive green colony. All isolates were identified as Aspergillus flavus. Out of ten 
surveyed districts group “A” isolates were most prevailing and covered 82.89% 
population of Aspergillus flavus, followed by group “B” isolates that covered 
10.69% population and group “G” isolates covered only 6.42% population. 
Among all isolates, 11 showed poor radial growth after 4 days (20 mm) of 
inoculation. The lowest growth was recorded in isolate NRCG 10007 after 4 days 
of inoculation, which was only 11 mm. It was also observed that 50% group B 
isolates showed increased growth of more than 70 mm. Sixty isolates (32.1%) did 
not produce sclerotia, while 127 (67%) did. Fifty-five isolates were high sclerotial 
producing type (>50 sclerotia/plate), 38 were moderate sclerotial producing type 
(21-50 sclerotia/plate) and 34 isolates were low sclerotial producing type (1-20 
sclerotia/plate). Sclerotial size ranged from 587 to 1349 µm. Most of the isolates 
that produced large number of sclerotia had smaller size (<850 µm) of sclerotia. 
Aflatoxigenicity was studied using ammonia vapor test and indirect competitive 
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ELISA. The results of ELISA revealed that 24 isolates were highly toxigenic (>49 
ppb), 35 moderately toxigenic (5-49 ppb) and 128 non toxigenic (<5 ppb). All the 
187 isolates of Aspergillus flavus at NRCG accession were characterized for 
sclerotial producing ability vis-à-vis toxigenicity. No significant correlation was 
found between sclerotial production and the aflatoxigenicity of the isolates. On the 
basis of diversity analysis the isolates could be grouped into fifteen distinct 
clusters. The number of isolates varied in each cluster. Contribution of the five 
characters toward divergence of the isolates through PCA revealed that in vector I 
(Z1) the important characters responsible for genetic divergence were 
morphological group (0.52) and colony diameter (0.27), while in vector II (Z2) 
colony diameter (0.67), number of sclerotia (0.56), size of sclerotia (0.42) and 
morphological group (0.33), indicating the importance of these characters in the 
diversity of isolates. Aflatoxigenicity did not contribute to the diversity of isolates. 
All Aspergillus flavus isolates have been PCR amplified for ITS – I, ITS – II and 
ITS I-5.8s rRNA gene-ITS II region by ITS 1 & ITS 2, ITS 3 & ITS 4 and ITS 1 & 
ITS 4 primers combination respectively. The size of ITS–I and ITS–II spacer 
region was approximately 200 and 350 bp respectively and size of ITS I-5.8s 
rRNA gene-ITS II whole region was approximately 600 bp. Using ITS primers all 
187 A. flavus isolates could be classified in distinct clusters, in addition to that 
group B and G isolates could also be clustered in distinct clusters. The isolates 
showing much similarity for fragment size were further confirmed by single strand 
conformation polymorphism. The adoption of the SSCP technique made it 
possible to differentiate some of those isolates which could not be divided on the 
basis of agarose gel electrophoresis. AFLP study was carried out with selected 
primer pair combinations (EcoRI +AA/MseI + A; EcoRI + AC/MseI + G; EcoRI + 
AC/MseI + A; EcoRI + AC/MseI + T; EcoRI + C/MseI + CAG), which turned out 
to produce a complex, well resolved fingerprint pattern. Primer combination 
EcoRI + C/MseI + CAG produced maximum polymorphic bands (73%), where as 
EcoRI + AC/MseI + T produced minimum polymorphic bands (49%).  Amplified 
fragments in the range of approximately 100 to 500 bp showed maximum number 
of bands, which contributed towards calculation of polymorphism and similarity 
index. This study was conducted to evaluate genetic relatedness among collected 
Aspergillus flavus isolates from different locations and to identify some AFLP 
molecular markers along with their correlation with the isolates’ aflatoxigenic 
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potentials. Based on pooled cluster analysis AFLP technique could successfully 
discriminate ‘B’ and ‘G’ group Aspergillus flavus isolates from ‘A’ group. Most of 
the isolates of same district could be clustered together, which shows their genetic 
similarity. Within district and within group also a considerable genetic variability 
has been observed. This study also provides new data on molecular 
characterization of isolates of Aspergillus flavus in India particularly in Gujarat 
state under groundnut based cropping system. The AFLP markers were not found 
useful to discriminate among isolates with different toxigenic ability, as 
aflatoxigenic and non-aflatoxigenic isolates were scattered throughout the 
dendrogram. From the present study it is concluded that AFLP may be a powerful 
tool for studying genetic diversity of Aspergillus flavus and the unique fragments 
with respect to individual isolate could be used for the development of SCARs, 
which are allele specific co-dominant markers. Some specific fragments were 
identified for the development of SCARs and further identification of some set of 
isolates and groups of isolates. A composite analysis was carried out using 
morphological, biochemical and molecular data with SPSS statistical software. 
Based on this composite analysis some very meaning full clusters were observed, 
viz., grouping on the basis of aflatoxigenicity was not possible, when done in 
isolation either with morphological data or molecular data but on the other hand 
composite analysis of molecular data along with morphological and biochemical 
data could group highly aflatoxigenic isolates together and non- aflatoxigenic 
isolates together in small sub clusters. Thus, composite analysis was found more 
reliable and may give more meaning full clustering pattern of isolates. Systematic 
molecular characterization supported with morphological and biochemical 
characterization of large number of isolates (187) of Aspergillus flavus from 
groundnut production system and development of a catalogue is a first of its kind 
of study carried out under Gujarat conditions. A district wise distribution map has 
also been constructed showing distribution pattern of different morphological 
groups of isolates of Aspergillus flavus that may be taken into consideration for 
development of location specific aflatoxin management programme. Thus, 
molecular, biochemical and morphological characterization of isolates of 
Aspergillus spp. could be useful for development of location specific aflatoxin 
management in addition to that non-aflatoxigenic isolates may be tested further for 
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its potential use as a biocontrol agent against aflatoxigenic isolates of Aspergillus 
spp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
1. INTRODUCTION 
Mycotoxins are toxic substances produced mostly as secondary 
metabolites by fungi that grow on seeds and feed in the field, or in storage. 
The major mycotoxin producing fungi are species of Aspergillus, Fusarium 
and Penicillium and the important mycotoxins are aflatoxins, fumonisins, 
ochratoxins, cyclopiazonic acid, patulin etc. Mycotoxin contamination in 
certain agricultural systems has been a serious hindrance for the export houses. 
Mycotoxins can affect profitability of animal production by decreasing growth 
rate, feed conversion efficiency, live ability and reproductive potential. Easy 
detection and amelioration of these mycotoxins is not feasible for farmers. 
Livestock in tropical countries are especially affected by acute toxicity and 
consumers are vulnerable to the long-term mutagenic and immuno-suppressive 
effects of mycotoxins. Among other mycotoxins aflatoxin is one of the most 
important mycotoxin. The importing countries like European Union are 
increasing stringent regulations for aflatoxins. 
In recent years, there is an increased awareness for the quality of the 
agricultural commodities at domestic as well as international markets. With the 
increase in the number of suppliers, the buying nations have been stipulating 
more stringent norms for the quality of the produce. Among several quality 
parameters, mycotoxin contamination is one of the major non-tariff trade 
barriers especially in the international trade. While maize and groundnut have 
been identified as very high-risk commodities for mycotoxin contamination, 
many other commodities have also been identified as vulnerable to this 
menace.  
With the increasing stringent regulations for mycotoxin levels imposed 
by the importing countries the Indian agricultural commodities export industry 
is in jeopardy. The problem is further compounded due to the unorganized 
structure of the export industry and the ignorance of both the farmers and 
processors about mycotoxins. By becoming a signatory to the World Trade 
Organization Agreement and with the opening of the world market, there is a 
need for India to ensure food safety and animal and plant health in the highly 
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commercialized agricultural systems to meet the demands of both domestic 
and export market. 
  
1.1 Historical Background of Aflatoxin story 
The aflatoxin story began in 1960 with the report of an outbreak of disease 
among approximately one lakh Turkey poultry in England. Since the etiology 
of this disease was unknown, it was called “Turkey X disease” (Blount, 1961). 
The discovery that the groundnut meal contaminated with a mold provided an 
important clue to the etiology of ‘Turkey X disease’. Sargeant et al. (1961) 
demonstrated that an isolate of the common mold Aspergillus flavus Link ex 
Fries as the responsible agent. The toxin produced by the strains of the 
Aspergillus flavus caused the disease and hence these toxins were named 
aflatoxins.  
 
1.2 Aflatoxins 
Aflatoxins are highly oxygenated heterocyclic compounds. All aflatoxins 
(Fig 1) essentially contain a coumarin nucleus fused to a bifuran. The eight 
characterized aflatoxins are: B1, B2, G1, G2 (named on the basis of blue or 
green fluorescence under UV light; B1 and B2 produce Blue light under UV 
light, G1 and G2 produce Green light under UV light) M1, M2 (first detected in 
milk of cows fed on groundnut meal), and B2a and G2a (derivatives of B1 and 
G1 respectively). Among the eight forms, aflatoxins B1, B2, G1 and G2 are more 
commonly encountered. These may occur together or independently. 
Aspergillus spp. can cause infections in animals as well as in man. In birds, 
respiratory infections may develop due to Aspergillus spp.  
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Figure 1: Different types of Aflatoxins 
  
  
  
(Source: Basu and Kumar 2006) 
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1.3 Spread of Aspergillus spp. 
The genus Aspergillus includes over 185 species. Around 20 species have 
so far been reported as causative agents of opportunistic infections in man. 
Among these, Aspergillus fumigatus is the most commonly isolated species, 
followed by Aspergillus flavus, Aspergillus niger and Aspergillus parasiticus, 
Aspergillus clavatus, Aspergillus glaucus group, Aspergillus nidulans, 
Aspergillus oryzae, Aspergillus terreus, Aspergillus ustus, and Aspergillus 
versicolor are among the other species less commonly isolated as opportunistic 
pathogens. 
 
1.4 Pathogenecity of Aspergillus spp. 
Aspergillus spp. are well-known to play a role in three different clinical 
situations in man and animals: (i) opportunistic infections; (ii) allergic states; 
and (iii) toxicoses. Immunosuppression is the major factor predisposing to the 
development of opportunistic infections (Ho and Yuen, 2000). These 
infections may present in a wide spectrum, varying from local involvement to 
dissemination and as a whole called aspergillosis. Among all filamentous 
fungi, Aspergillus is in general the most commonly isolated one in invasive 
infections. It is the second most commonly recovered fungus in opportunistic 
mycoses following Candida. 
The species differ in colony appearance, microscopic features and 
aflatoxin-producing ability; Aspergillus flavus typically produces aflatoxins B1 
and B2, whereas Aspergillus parasiticus additionally produces aflatoxins G1 
and G2 (Pitt and Hocking, 1997). Among the most commonly found forms of 
aflatoxins, AFB1 is the best studied and the most dangerous (Bhatnagar et al., 
2003). Aspergillus flavus also produces cyclopiazonic acid (CPA), a toxic 
metabolite synthesized in an unrelated pathway. Aflatoxins and CPA 
commonly co-occur in contaminated agricultural commodities, such as maize 
and groundnut (Urano et al., 1992). 
Some Aspergillus antigens are fungal allergens and may initiate 
allergic bronchopulmonary aspergillosis particularly in atopic host (Germaud 
and Tuchais, 1995 and Kurup and Banerjee, 2000). Some Aspergillus spp. 
produces various mycotoxins. These mycotoxins, by chronic ingestion, have 
proven to possess carcinogenic potential particularly in animals. Mycotoxin 
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contamination in certain agricultural systems has been a serious hindrance for 
the export houses. Livestock in tropical countries are especially affected by 
acute toxicity and consumers are vulnerable to the long-term mutagenic and 
immuno-suppressive effects of mycotoxins. It covers a wide host range e.g., 
Groundnut, Chillies, Rice, Maize, Sorghum, Spices, Milk, etc. Among these 
mycotoxins, aflatoxin is well-known and may induce hepato-cellular 
carcinoma. Mycotoxicoses remained “neglected diseases” until 1960 when 
thousands of turkey in England died in one stroke with Turkey X – disease 
(Sargeant et al., 1961). Eating moldy peanuts infected with Aspergillus flavus 
caused the disease. The causative agent was found to be a toxic fungal 
metabolite called “aflatoxin” (toxin of Aspergillus flavus). Mycotoxicoses 
could not be neglected any more. It is mostly produced by Aspergillus flavus 
and contaminates foodstuff, such as groundnuts (Mori et al., 1998). Groundnut 
and their products, cotton seeds and copra (dried coconut) are the most 
favorable substrates and are called “high aflatoxin risk materials”. Africa, 
India and South-East Asia are regarded as the “high-aflatoxin-risk areas” 
(Mirocha and Christensen, 1974).  
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1.5  The Pathogen 
Aspergillus spp. were described by Micheli ex Link in 1809 for first time 
under following taxonomic classification 
Super Kingdom  :  Eukaryota 
Kingdom            :  Fungi 
Phylum   :   Ascomycota            
Subphylum   :   Pezizomycotina 
Class    :   Eurotiomycetes 
Order    :   Eurotiales 
Family    :   Trichocomaceae  
Genus    :   Aspergillus 
Aspergillus is a filamentous, cosmopolitan and ubiquitous fungus 
found in nature. It is commonly isolated from soil, plant debris, and indoor air 
environment. While a teleomorphic state has been described only for some of 
the Aspergillus spp., others are accepted to be mitosporic, without any known 
sexual spore production. Hyphae are septate and hyaline. The conidiophores 
originate from the basal foot cell located on the supporting hyphae and 
terminate in a vesicle at the apex. Vesicle is the typical formation for the genus 
Aspergillus. The morphology and color of the conidiophores vary from one 
species to another. Covering the surface of the vesicle entirely (“radiate” head) 
or partially only at the upper surface (“columnar” head) are the flask-shaped 
phialides, which are either uniseriate or directly attached to the vesicle, or are 
biseriate and attached to the vesicle via a supporting cell, metula. Over the 
phialides are the round conidia (2-5 µm in diameter) forming radial chains.  
 
1.6 Classification of Aspergillus flavus 
Under the section Flavi, Aspergillus flavus is the dominant species under 
groundnut production system, isolated from soil and groundnut seeds 
(Vaamonde et al., 1995 and Barros et al., 2003). Aspergillus flavus isolates can 
be grouped into two phenotypes based on the size of the sclerotia as S strains 
with numerous small sclerotia (average diameter < 400 µm) and high levels of 
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aflatoxins, while the L strains produce fewer, larger sclerotia and, generally, 
less aflatoxin (Cotty, 1989). Within the S strains, two subtypes had been 
described: the SB strains that produce only B aflatoxins, and the SBG strains 
that produce both B and G aflatoxins (Saito et al., 1986; Blaney et al., 1989; 
Cotty and Cardwell 1999; Novas and Cabral 2002 and Barros et al., 2005). In 
Aspergillus species, the formation of a stable heterokaryon following hyphal 
anastomosis is controlled by a series of het loci (Leslie, 1993). Two 
individuals having the same alleles at all het loci are considered to belong to 
the same vegetative compatibility group (VCG). Vegetative compatibility 
system can be used to estimate genetic variability within field populations of 
Aspergillus section Flavi and may limit the potential for heterokaryosis and 
asexual gene flow (Bayman and Cotty, 1991). Aspergillus flavus populations 
tend to be extremely diverse in terms of VCG groups (Horn et al., 1996; Novas 
and Cabral 2002; Pildain et al., 2004 and Barros et al., 2006a) in contrast to 
Aspergillus parasiticus populations that are less diverse (Horn et al., 1996 and 
Barros et al., 2006b). 
 
1.7  Significance of Aspergillus spp. in Groundnut 
Groundnut is one of the most important oil seed crop of the world and is 
grown in about 26.38 million ha with an annual production of 36.06 metric 
tones of nuts-in–shells and the productivity is 1367.1 kg ha-1. India is the 
largest grower and second largest producer of groundnut in the world. Among 
the 9 annual oilseed crops grown in India, groundnut occupies 34.2% of total 
area and contributes 7.8 million tones (26.5%) of nuts-in-shells and about 30% 
of total domestic supply of oil. The area under groundnut in India was only 
0.23 million ha during 1900-1910 has grown up to 6.7 million ha during the 
past century (FAO Database, 2007), while Andhra Pradesh ranks first in area 
whereas, Gujarat ranks first in production in the country (Economic Survey, 
2007-2008). Eighty percent of the total groundnut area is confined to five 
states viz., Gujarat, Andhra Pradesh, Tamil Nadu, Karnataka and Maharashtra, 
which account for 84 percent of the total production. In Gujarat, about 80 
percent of groundnut cultivation is concentrated in Junagadh, Rajkot, 
Porbandar, Amreli and Jamnagar districts of Saurashtra region.  
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Gujarat is one of the major exporters of groundnut and chillies, where 
aflatoxin contamination most often becomes a bottleneck. With the increasing 
thrust on export and diversified uses of groundnut for value added products 
and liberalization of the Indian economy since 1995-96, there has been an 
increasing trend in the export of groundnut. But the higher aflatoxin load in the 
exportable commodities like HPS-grade kernels, de-oiled cakes and the 
stringent tolerance limits for aflatoxin imposed in these products by the 
importing countries have jeopardized the export earning, thereby depriving our 
country of valuable foreign exchange. 
Aflatoxin contamination can occur as pre-harvest in field and post-
harvest during drying, transportation, storage and processing. Level of 
aflatoxin contamination has been recorded in three major groundnut growing 
areas of India (Fig 2), which show the spread of aflatoxin in groundnut based 
cropping system (Vinod and Murlidharan, 2008). Groundnut pods when come 
in direct contact with spores of Aspergillus flavus in soil are frequently 
invaded before harvest. The mode and extent of invasion by Aspergillus flavus 
depends on soil population density of Aspergillus flavus, soil moisture and soil 
temperature during the pod development to maturity period. These fungi can 
invade and produce toxins in groundnut kernels before harvest, during drying 
and in storage.  
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Based on the final report of Mycotoxin Network Project 
(Vinod and Murlidharan, 2008) 
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1.8  Aflatoxin Contamination in Groundnut 
Aflatoxin contamination of groundnut (Arachis hypogaea L.), due to invasion 
by Aspergillus flavus and Aspergillus parasiticus, is a major problem of 
rainfed agriculture in the semi-arid tropic environment. These fungi are 
widespread in light sandy soils most suitable for groundnut cultivation. 
Aflatoxin contamination of groundnut seriously affect quality of the produce, 
causing health risks to human and cattle (Smith et al., 1995). In recent years, 
the export of Indian groundnut has been drastically reduced because of 
stringent tolerance limits imposed by the importing countries. Groundnut 
pods when come in direct contact with spores of Aspergillus flavus in soil are 
frequently invaded before harvest (Hill et al., 1985 and Horn et al., 1994). 
The mode and extent of invasion by Aspergillus flavus depends on soil 
population density of Aspergillus flavus, soil moisture and soil temperature 
during the pod development to maturity period. These fungi can invade and 
produce toxins in groundnut kernels before harvest, during drying and in 
storage. The aflatoxins are produced by species of Aspergillus belonging to 
section Flavi such as flavus, parasiticus and nomius etc. Since, not all isolates 
of Aspergillus are toxigenic, there is a need to characterize the isolates for 
their toxigenicity vis a vis the distribution pattern of these strains in different 
agro-ecological zones of groundnut production systems. 
 
1.9  Significance of Characterization and Cataloguing  
A detailed characterization is essentially required to study the variability 
across the isolates of a microorganism. Such variability could be catalogued 
and developed into a database. Such catalogues help in understanding the 
distribution pattern of the strain for instance, the variability in aflatoxigenicity 
of strains would be of help in deploying non-toxigenicity of strains as 
candidate bio-control strains for management of aflatoxin contamination 
(Dorner et al., 1992). 
Certain isolates of Aspergillus flavus produced abundant small sclerotia 
(S-type) and some of these isolates produced both B and G type aflatoxin 
(Hesseltine et al., 1970 and Saito et al., 1986) and isolates that produce fewer 
and larger sclerotia (L-type) produced only B aflatoxin. Aspergillus flavus is 
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capable of growing over the temperature range from 6 oC – 54 oC with optimal 
growth occurs within a broad range of 25 oC - 42 oC (Fandialan and Ilag, 
1972). Growth of Aspergillus flavus is negligible at pH 3.9 and below, 
increasing to maximum at pH 5.5 and decreasing to negligible level again at 
pH 9.1. The genetic capacity of Aspergillus flavus to produce aflatoxin and 
CPA is extremely variable; with many strains being non-toxic and soil 
population of Aspergillus flavus differ according to geographic region in their 
toxigenicity. However, nearly all the strains of Aspergillus parasiticus are 
toxigenic (Jarvis, 1971). 
The most successful biological control approach to date has been with 
the application of non-toxigenic strains of Aspergillus flavus and Aspergillus 
parasiticus to the soil where they completely exclude toxigenic strains (Dorner 
and Cole, 2002). 
 
1.10 Molecular Characterization 
Since many fungi (including Aspergillus) come under fungi imperfecti, 
Deutromycotina, differentiation among different species of same genus, or 
isolates of one species becomes very difficult. Therefore, various molecular 
tools such as Random Amplified Polymorphic DNA (RAPD) (Williams et al., 
1990), Amplified Fragment Length Polymorphism (AFLP) (Montiel et al., 
2003 and Lee et al., 2004), Internally Transcribed Spacer regions 1 and 2 of 
5.8s rRNA gene (ITS 1 and ITS 2) (Henry et al., 2000) etc. have been 
successfully employed for the detection of variability in Aspergillus spp. at 
genetic level. Classification of fungi still relies mainly on morphological and 
cultural characters. The system used to date in Aspergillus and the sub generic 
system for aspergilli is completely founded on morphological observation 
(Raper and Fennell, 1965), and the sub generic system for aspergilli (Gams et 
al., 1985), which is however pretty well supported by molecular techniques 
(Peterson, 2000). Additional tools for the classification of fungi are substrate 
utilization patterns. Seifert et al. (2000) and Kiil and Sasa (2000) described the 
use of the BIOLOG system for classifying and identifying Penicillium species. 
Chromatographic analysis of secondary metabolites has been demonstrated to 
be useful for identification and classification of a wide variety of fungi 
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(Filtenborg and Frisvad, 1989 and Fischer et al., 2000) Recently, FTIR has 
been demonstrated to be a valuable taxonomic tool for the identification of 
yeasts (Wenning et al., 2002) and penicillia (Fischer et al., 2002). Isozyme 
profiling and the comparison of protein sequences have been used for the 
classification of fungi but these techniques have been overcome by methods 
relying on DNA sequences rather than on proteins. Today, comparison of 
DNA sequences for taxonomic studies is the approach most widely used. 
Berbee and Taylor (2001) gave an overview on fungal molecular evolution and 
useful genes. However, DNA sequencing is still rather expensive. This 
excludes the technique from high throughput screening and therefore 
alternative methods for DNA base comparison have been developed (Scott and 
Strauss, 2000). DNA fingerprinting is comparably cheap and allows 
discrimination of fungal strains from the genus down to clone level (Chulze et 
al., 2000 and Louws et al., 1999). Fingerprinting techniques have been 
suggested to function as a core technique in a polyphasic taxonomic system 
(Savelkoul et al., 1999). RFLP was the first DNA fingerprinting technique 
used in microbial taxonomy. This technique has the drawback that it requires 
vast quantities of high quality DNA. RFLP was applied for example to 
examine the taxonomic position of the species in the Aspergillus section Nigri 
(Varga et al., 2000 and Parenicova et al., 2000). RAPD (Williams et al., 
1990), or AP-PCR is a PCR-based fingerprinting technique relying on the 
random amplification of DNA fragments. This technique is straightforward 
and has been applied e.g. for the characterization of Penicillium roqueforti 
strains (Geisen et al., 2001). Amplified Fragment Length Polymorphism 
(AFLP) is a technique which uses the benefits of both restriction and PCR 
based selective amplification. AFLP has also used widely for molecular 
characterization of Aspergillus spp. (Montiel et al., 2003 and Lee et al., 2004). 
 
1.11 PCR based detection of toxigenic fungi 
The polymerase chain reaction first described by Saki et al., (1985) 
requires the presence of specific target sequences. When genes involved in the 
biosynthetic pathway are known, they represent a valuable target for the 
specific detection of toxigenic strains. One of the first to use this approach for 
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the detection of toxigenic fungi were Geisen (1996) and Shapiro et al., (1996) 
who described a diagnostic PCR directed against DNA sequences in the 
aflatoxin biosynthetic gene cluster. However, when the genes responsible for 
mycotoxin production are unknown other sequences can function as target. 
Examples are rDNA sequences (Henry et al., 2000), genes or anonymous 
DNA marker sequences. Geisen (1998) and Edwards et al., (2002) reviewed 
available diagnostic PCRs for mycotoxigenic fungi. DNA extraction from food 
samples and food raw materials can be performed in a few minutes (Knoll et 
al., 2002a). Also the use of modern thermocyclers and detection strips can 
reduce analysis time to less than one hour (Knoll et al., 2002b). Several 
workers have also used RT-PCR approach to quantify the expression of genes 
involved in aflatoxin biosynthesis pathway (Mayer et al., 2003a; Mayer et al., 
2003b and Schnerr et al., 2001). These examples show that PCR with the 
decrease of costs in equipment and reagents is a promising alternative to other 
methods to assess the risk of contamination of food with toxigenic fungi. Other 
PCR based methods viz., Random Amplified Polymorphic DNA (RAPD) 
(Williams et al., 1990), Amplified Fragment Length Polymorphism (AFLP) 
(Montiel et al., 2003 and Lee et al., 2004), Internally Transcribed Spacer 
regions 1 and 2 (Henry et al., 2000) etc. have been successfully employed for 
the detection of variability in Aspergillus spp. at genetic level. 
  
1.12 Significance of Present Study 
So far, a very little information is available on the prevalence and on 
variability across isolates of Aspergillus belonging to section Flavi in India. 
Hence, a detailed attempt focusing on the molecular characterization of 
isolates of Aspergillus flavus across geographic location would help in 
developing strategic and location specific aflatoxin management modules.  So, 
the study of various isolates of Aspergillus flavus will give insight in 
distribution of Aspergillus section Flavi. 
Present study will be relevent: 
i. To classify and identify different isolates of Aspergillus flavus on the 
basis of aflatoxigenicity, which could be deployed as a potential bio-
control agent to manage aflatoxin contamination. 
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ii. To identify molecular markers based on fingerprinting of isolates of 
Aspergillus flavus by AFLP and ITS techniques, which could be 
helpful for identification and comparison of unknown Aspergillus 
flavus isolates. 
iii. To prepare a catalogue of isolates on the basis of morphological and 
physiological characterization in order to develop database, which 
could be used for different purposes. 
 
 
1.13 Objectives of Present Study 
Thus, keeping in view the significance of Aspergillus flavus present 
study was taken up with the following objectives: 
(i) Quantification of Aflatoxin level in the isolates of Aspergillus flavus by 
indirect competitive ELISA (Enzyme Linked Immuno Sorbent Assay). 
(ii) Molecular characterization of 187 isolates of Aspergillus flavus by 
AFLP (Amplified Fragment Length Polymorphism) and ITS (Internally 
Transcribed Spacers) techniques. 
(iii) Phylogenetic analysis and clustering of all 187 isolates of Aspergillus 
flavus. 
(iv) Comparison of phylogenetic data with morphological and biochemical 
data. 
 
  
 
2. REVIEW OF LITERATURE 
 
Mycotoxin contamination is one of the major non-tariff trade barriers 
especially in the international trade. Groundnut has been identified as an 
important agricultural commodity, which is on high risk for mycotoxin 
contamination especially aflatoxin. The major mycotoxin producing fungi are 
species of Aspergillus, Fusarium, and Penicillium and the important 
mycotoxins are aflatoxins, fumonisins, ochratoxins, cyclopiazonic acid, patulin 
etc. Livestock in tropical countries are especially affected by acute toxicity and 
consumers are vulnerable to the long-term mutagenic and immuno-suppressive 
effects of mycotoxins. The aflatoxin story began in 1960 with the report of an 
outbreak of disease among approximately one lakh Turkey poultry in England. 
Since the etiology of this disease was unknown, it was called “Turkey X 
disease” (Blount, 1961). The discovery that the groundnut meal contaminated 
with a mold provided an important clue to the etiology of ‘Turkey X disease’. 
Sargeant et al., (1961) demonstrated that an isolate of the common mold 
Aspergillus flavus Link ex Fries as the responsible agent. The toxin produced 
by the strains of the Aspergillus flavus caused the disease and hence these 
toxins were named aflatoxins.  
  
2.1 Mycotoxicoses 
Frank growth of fungi on animal hosts produces the diseases 
collectively called mycoses, while dietary, respiratory, dermal, and other 
exposures to toxic fungal metabolites produce the diseases collectively called 
mycotoxicoses. Mycoses range from merely annoying (e.g., athlete's foot) to 
life-threatening (e.g., invasive aspergillosis). The fungi that cause mycoses can 
be divided into two categories, primary pathogens (e.g., Coccidioides immitis 
and Histoplasma capsulatum) and opportunistic pathogens (e.g., Aspergillus 
fumigatus and Candida albicans). Opportunistic pathogens produce illness by 
taking advantage of debilitated or immunocompromised hosts. The majority of 
human mycoses are caused by opportunistic fungi (Kwon-Chung and Bennett, 
1992; Mc Ginnis et al., 1999; Sternberg, 1994 and Van-Burik and Magee, 
2001). Mycotoxicoses are examples of "poisoning by natural means" and thus 
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are analogous to the pathologies caused by exposure to pesticides or heavy 
metal residues. The symptoms of a mycotoxicosis depend on the type of 
mycotoxin; the amount and duration of the exposure; the age, health, and sex 
of the exposed individual; and many poorly understood synergistic effects 
involving genetics, dietary status, and interactions with other toxic insults. The 
majority of mycotoxicoses, on the other hand, result from eating contaminated 
foods. Skin contact with mold-infested substrates and inhalation of spore-borne 
toxins are also important sources of exposure. Except for supportive therapy 
(e.g., diet, hydration), there are almost no treatments for mycotoxin exposure, 
although Fink (Fink, 1999) described a few methods for veterinary 
management of mycotoxicoses. There is relatively little evidence that 
mycotoxins enhance the ability of fungi to grow in vertebrate hosts. 
Aspergillus fumigatus is the major species associated with aspergillosis and 
produces gliotoxins (inhibitors of T-cell activation and proliferation as well as 
macrophage phagocytosis). However, gliotoxin is not known to be produced in 
significant amounts by Aspergillus fumigatus during human disease (Van-
Burik and Magee, 2001).   
It is difficult to define mycotoxin in a few words. All mycotoxins are 
low-molecular-weight natural products (i.e., small molecules) produced as 
secondary metabolites by filamentous fungi. These metabolites constitute a 
toxigenically and chemically heterogeneous assemblage that are grouped 
together only because the members can cause disease and death in human 
beings and other vertebrates. Not surprisingly, many mycotoxins display 
overlapping toxicities to invertebrates, plants, and microorganisms (Bennett, 
1987). The term mycotoxin was coined in 1962 in the aftermath of an unusual 
veterinary crisis near London, England, during which approximately 100,000 
turkey poults died (Blount, 1961 and Forgacs, 1962). When this mysterious 
turkey X disease was linked to a peanut (groundnut) meal contaminated with 
secondary metabolites from Aspergillus flavus (aflatoxins), it sensitized 
scientists to the possibility that other occult mold metabolites might be deadly. 
The period between 1960 and 1975 has been termed the mycotoxin gold rush 
(Maggon et al., 1977) because so many scientists joined the well-funded search 
for these toxigenic agents. Depending on the definition used, and recognizing 
that most fungal toxins occur in families of chemically related metabolites. 
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Some 300 to 400 compounds are now recognized as mycotoxins, of which 
approximately a dozen groups regularly receive attention as threats to human 
and animal health (Cole et al., 1981).  
 
2.2 Mycotoxicoses and Human Health 
Mycotoxicoses, like all toxicological syndromes, can be categorized as 
acute or chronic. Acute toxicity generally has a rapid onset and an obvious 
toxic response, while chronic toxicity is characterized by low-dose exposure 
over a long time period, resulting in cancers and other generally irreversible 
effects (James, 1985). In order to demonstrate that a disease is a 
mycotoxicosis, it is necessary to show a dose-response relationship between 
the mycotoxin and the disease. For human populations, this correlation 
requires epidemiological studies. Supportive evidence is provided when the 
characteristic symptoms of a suspected human mycotoxicosis are evoked 
reproducibly in animal models by exposure to the mycotoxin in question 
(Hsieh, 1988). Human exposure to mycotoxins is further determined by 
environmental or biological monitoring. In environmental monitoring, 
mycotoxins are measured in food, air or other samples; in biological 
monitoring, the presence of residues adducts, and metabolites are assayed 
directly in tissues, fluids, and excreta (Hsieh, 1988).  
In general, mycotoxin exposure is more likely to occur in parts of the 
world where poor methods of food handling and storage are common, where 
malnutrition is a problem, and where few regulations exist to protect exposed 
populations. However, even in developed countries, specific subgroups may be 
vulnerable to mycotoxin exposure. In the United States, for example, Hispanic 
populations consume more corn products than the rest of the population, and 
inner city populations are more likely to live in buildings that harbor high 
levels of molds (Barrett, 2000). Previous reviews on mycotoxins and human 
health include those by the Council for Agricultural Science and Technology 
(2003), Robens and Richard (1992), Beardall and Miller (1994), Kuiper 
(1994), Fink (1999), Peraica et al. (1999), Hussein and Brasel (2001) and Etzel 
(2002). 
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2.3 Aflatoxicosis in Human and Animals 
The diseases caused by aflatoxin consumption are loosely called 
aflatoxicoses. Acute aflatoxicosis results in death; chronic aflatoxicosis results 
in cancer, immune suppression, and other "slow" pathological conditions 
(Hsieh, 1988). Early clinical signs of aflatoxicosis as loss of hunger, weight 
loss and liver damage was noticed by Wogan (1966) and Allcraft (1969). 
Indian childhood cirrhosis disease was observed in India due to ingestion of 
aflatoxin (Yadgiri et al., 1970; Amla et al., 1971 and Bhat et al., 1989). The 
liver is the primary target organ, with liver damage occurring when poultry, 
fish, rodents, and nonhuman primates are fed aflatoxin B1. Alpert et al., (1971) 
successfully established the role of aflatoxin in liver cancer of human and 
animals. There are substantial differences in species susceptibility. Moreover, 
within a given species, the magnitude of the response is influenced by age, sex, 
weight, diet, exposure to infectious agents, and the presence of other 
mycotoxins and pharmacologically active substances (Bennett and Klich, 
2003). 
Because of the differences in aflatoxin susceptibility in test animals, it 
has been difficult to extrapolate the possible effects of aflatoxicosis to humans, 
but acute toxicity of aflatoxins in Homo sapiens has not been observed very 
often. It is believed that a 1974 Indian outbreak of hepatitis in which 100 
people died may have been due to the consumption of maize that was heavily 
contaminated with aflatoxin. Some adults may have eaten 2 to 6 mg of 
aflatoxin in a single day (Krishnamachari et al., 1975). Subsequently, it was 
calculated that the acute lethal dose for adults is approximately 10 to 20 mg of 
aflatoxins (Pitt, 2000). One anecdotal report refutes this estimate. A woman 
who had ingested over 40 mg of purified aflatoxin in a suicide attempt was 
alive even 14 years later. Multiple laboratory tests of her urine and blood, and 
X-ray, ultrasound, and computerized axial tomography analyses of her 
abdomen, liver, and spleen all gave normal results (Willis et al., 1980). It has 
been hypothesized that kwashiorkor, a severe malnutrition disease, may be a 
form of pediatric aflatoxicosis (Hendrickse, 1997).  
The data on aflatoxin as a human carcinogen are far more damning than 
the data implicating it in acute human toxicities. Exposure to aflatoxins in the 
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diet is considered an important risk factor for the development of primary 
hepatocellular carcinoma, particularly in individuals already exposed to 
hepatitis B. In classical epidemiology, several studies have linked liver cancer 
incidence to estimated aflatoxin consumption in the diet (Li et al., 2001; Peers 
and Linsell, 1973 and Van-Rensburg et al., 1985). The incidence of liver 
cancer varies widely from country to country, but it is one of the most common 
cancers in China, the Philippines, Thailand, and many African countries. The 
presence of hepatitis B virus infection, an important risk factor for primary 
liver cancer, complicates many of the epidemiological studies. In one case-
control study involving more than 18,000 urine samples collected over 3.5 
years in Shanghai, China, aflatoxin exposure alone yielded a relative risk of 
about 2; hepatitis B virus antigen alone yielded a relative risk of about 5; 
combined exposure to aflatoxin and hepatitis B yielded a relative risk of about 
60 (Ross et al., 1992). Inactivation of the p53 tumor suppressor gene may be 
important in the development of primary hepatocellular carcinoma. Studies of 
liver cancer patients in Africa and China have shown that a mutation in the p53 
tumor suppressor gene at codon 249 is associated with a G-to-T transversion 
(Bressac et al., 1991 and Hsu et al., 1991). Mechanistically, it is known that 
the reactive aflatoxin epoxide binds to the N7 position of guanines. Moreover, 
aflatoxin B1-DNA adducts can result in GC to TA transversions. The specific 
mutation in codon 249 of the p53 gene has been called the first example of a 
"carcinogen-specific" biomarker that remains fixed in the tumor tissue (Eaton 
and Gallagher, 1994). To recapitulate, there is no other natural product for 
which the data on human carcinogenicity are so compelling. The International 
Agency for Research on Cancer has classified aflatoxin B1 as a group I 
carcinogen (International Agency for Research on Cancer, 1982). Worldwide, 
liver cancer incidence rates are 2 to 10 times higher in developing countries 
than in developed countries (Henry et al., 1999).  
Outbreaks of aflatoxicosis in poultry have been reported at several 
locations from India (Gopal et al., 1969; Kishan, 1980; Char et al., 1982 and 
Choudhary and Rao, 1982). Shastry et al., (1965) reported aflatoxicosis in 
Murrah breed of buffaloes in Andhra Pradesh. Aflatoxin was found to be 
responsible for adverse effects on live weight and feed intake or feed 
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efficiency in calves and young steers as reported by Keyl and Booth, (1971). 
Edds and Bartell, (1983) studied the effects of aflatoxicosis in poultry, 
including effects on growth and performance, clinical signs, pathology and 
immunosuppression studies.  Toxicological, pathological and metabolic 
aspects of porcine aflatoxicosis have been previously reported by Hoerr and 
D’Andrea, (1983). Diener et al., (1983) presented a review of the literature on 
equine aflatoxicosis including both clinical reports and research trials.  
2.4 Aflatoxin contamination in Groundnut 
Aflatoxins are non-additive food contaminants that occur in groundnut 
and its extractions under certain production systems and hence affect their 
value as food and feed. The impact of aflatoxin contamination in groundnut 
has slowly been assuming a larger dimension because the promotion of 
groundnut as food and feed is slowly becoming apparent in addition to its 
importance in export (Khandar et al., 2004). Aflatoxin contamination of 
groundnut (Arachis hypogaea L.), due to invasion by Aspergillus flavus and A. 
parasiticus, is a major problem of rainfed agriculture in the semi-arid tropic 
environment. These fungi are widespread in light sandy soils most suitable for 
groundnut cultivation (Smith et al., 1995). Aflatoxin contamination in 
groundnut can occur as pre-harvest in field and post-harvest during drying, 
transportation and storage. Groundnut pods when come in direct contact with 
spores of A. flavus, in soil are frequently invaded before harvest (Hill et al., 
1985 and Horn et al., 1994). The mode and extent of invasion by A. flavus 
depends on soil population density of A. flavus, soil moisture and soil 
temperature during the pod development to maturity period. These fungi can 
invade and produce toxins in groundnut kernels before harvest, during drying 
and in storage. 
Almost all products prepared from contaminated kernels are likely to 
have aflatoxins. Solvent extracted refined groundnut oil is however, one 
exception. The products that are most likely to have afltoxins are: physically 
damaged or shriveled pods and/or kernels, de-oiled groundnut cake, fodder left 
with contaminated immature pods, peanut butter and other products of 
groundnut and filtered groundnut oil (to some extent if not efficiently filtered). 
Groundnut pods are formed in soil and Aspergillus flavus is a ubiquitous soil 
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fungus. This fungus however is essentially saprophytic in nature and under 
normal condition does not invade a healthy growing pod. Therefore, the entry 
of the fungi in the pods is facilitated by certain factors during the pre-harvest, 
harvest and post-harvest stages (Vinod et al., 2005).  
Pre-harvest infection by A. flavus and subsequent aflatoxin 
contamination are important in the semi arid tropics, especially when end 
season drought occurs. The frequent incidence of these toxins is generally 
found in developing countries, where adequate harvesting and post harvesting 
techniques for the prevention of fungal growth are rarely implemented or 
available (Vinod and Basu, 2006). 
 Important problems encountered when trying to obtain an accurate 
record of extent and degree of contamination of groundnut and groundnut 
products with aflatoxins are the variation in efficiency of sampling and the 
sensitivity and applicability of the analytical procedures. Occurrence of 
aflatoxins in groundnuts and groundnut products in some Asian countries has 
been described below: (Farid, 2006). 
INDIA: Many commercial groundnut cake and seed samples tested contained 
aflatoxin, levels even reaching as high as 8000 µg kg-1. Aflatoxins were also 
detected in unrefined groundnut oil. Samples of refined groundnut oils or 
hydrogenated oils did not contain any aflatoxins. 
INDONESIA: Around 70% of the marketable groundnuts tested were found 
to be contaminated with aflatoxin at levels from 40 to 4100 µg kg-1. All 
groundnuts and groundnut products sampled from markets, stores and food 
manufacturers contained aflatoxins. 
The People’s Republic of China: The samples from southern China 
contained the maximum amount of aflatoxins (42% of samples of seeds and 
68% of oil samples being toxic). Aflatoxin contamination was negligible in 
groundnut samples from northern China. Warm and humid weather in southern 
China may be contributing to the high levels of contamination of groundnuts in 
the area. 
NEPAL: Only limited surveys have been conducted to determine aflatoxin 
levels in groundnuts. Many samples were found to be contaminated. Peanut 
butter samples and maize and groundnut cake used as feed ingredients were 
also mostly contaminated. 
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PAKISTAN: Aflatoxin contaminated foods and health risk perspective for 
Pakistani population has been reported by Qazi and Fayyaz, (2006). Many 
samples of roasted groundnuts from local markets were found to be 
contaminated. Aflatoxin levels of up to 300 µg kg-1 were reported.  
PHILIPPINES: Over 90% of the produce is used as human food, in the form 
of snack items and peanut butter. All processed groundnut samples contained 
levels of aflatoxin ranging from a trace to more than  1000 µg kg-1. Although 
aflatoxin levels at the time of harvest were low, the levels increased at least 
ten-fold in storage during the main cropping season. 
THAILAND: Groundnuts are utilized in various types of confectionery 
products and for cooking oil. Oil cake is used for animal feed. Nearly 50% of 
the samples collected from towns and villages showed aflatoxin 
contamination, levels reaching as high as 1530 µg kg-1. Contamination was 
frequent in samples collected in the rainy season, when the average 
concentration of total aflatoxin in all groundnut samples was nearly twice that 
observed in samples harvested during the dry season. 
 Aflatoxins are so toxic that they can exert their harmful effects even if 
present in microgram quantities in the diet. Considering the extremely toxic 
nature and the practical problems associated with production and maintenance 
of food and feedstock completely free from aflatoxins, limits of tolerance have 
been prescribed for various foodstuffs for human and animal consumption 
(Table 1) (Vinod and Basu, 2006) . 
 
Table 1: Effect on health at different levels of aflatoxin consumption 
Limit* Effects on human/animal health 
Up to 20 ppb No health hazard in humans 
Up to 50 ppb No health hazard in animals 
Up to 100 ppb Slowed growth of young ones 
200-400 ppb Slowed growth of adults 
400 ppb Liver damage and cancer 
*ppb = parts per billion or µg kg-1 
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With the increasing awareness about the possible health hazards, in the 
past decade aflatoxin load in groundnut and other foodstuffs has become a 
major trade barrier. The permissible limits prescribed by various countries for 
aflatoxins are given in table 2 (Vinod and Basu, 2006). 
 
Table 2: Permissible limits for aflatoxins under international trade 
Country Product Limit (ppb) 
Australia Groundnut 16 
Belgium All foods 5 
Canada Nuts and Nut products 15 
China Rice and other cereals 50 
India All foods 30 
France Groundnut 1 
U.K. Nuts and Nut products 4 
U.S. All foods 20 
Japan Groundnut 10 
Denmark Groundnut 10 
Italy Groundnut 50 
European Union Groundnut 4 
 
More precisely the safe levels of aflatoxins in food and feed purposes have 
been given in table 3 (Basu, 2005). 
 
Table 3: Safe levels of aflatoxins for different purposes: 
Sl. No. Purpose Limit (µg kg-1) 
1. Human  consumption 20 
2.  Cattle/Poultry feed 100 
3. Groundnut (unsorted) 5 B1 
10 B1+B2+G1+G2 
4.  Groundnut (sorted) 2 B1 
4 B1+B2+G1+G2 
5. Milk 0.05 B1 
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Kannaiyan et al., (1989) reported contamination of aflatoxin and 
Aspergillus flavus in Groundnut in Zambia. They analyzed a total of 28410 
samples of groundnuts intended for export and found >5 µg kg-1 aflatoxin 
content in 6.3% samples, this detection lead to rejection of export. Collection of 
Chalimbana cultivar, from Chipata market revealed that all were contaminated 
with A. flavus. They could also determine that A. flavus infection differed among 
common cultivars of groundnut when they sampled 8 cultivars and the results 
showed that cultivars differed significantly in seed germination and A. flavus 
infection.  
Takahashi, (1993) studied distribution and characteristics of aflatoxin-
producing Aspergillus flavus in the soil in Kanagawa Prefecture, central Japan. 
He isolated Aflatoxin-producing A. flavus in 4 of 160 (2.5%) field soil samples. 
In the 4 fields, the annual mean temperature of the sampling sites ranged from 
13.8-15.1 °C, of 19 strains of aflatoxin-producing Aspergillus flavus, 4 strains 
(isolated from a single soil sample) produced large amounts of aflatoxin B1 and 
B2 when incubated in coconut agar, groundnut agar, groundnuts or trilaurin-
added rice, but did not produce aflatoxin when incubated in rice, yeast extract-
sucrose broth or sucrose-low salts broth. He suggested that these 4 strains were 
defective in metabolism of lipid or fatty acids being a major cause of 
aflatoxigenicity. 
Bowen and Mack, (1991) studied the effect of association between the 
lesser cornstalk borer (the pyralid Elasmopalpus lignosellus) and the aflatoxin-
producing fungus Aspergillus flavus on groundnut in Alabama. They collected 
the larvae of E. lignosellus in the field carried A. flavus spores internally and on 
the cuticle. They concluded that the infestation of lesser cornstalk borer helped 
in increase of aflatoxin-producing fungus Aspergillus flavus in the plots of 
groundnut field in Alabama. 
Lisker et al., (1994) collected groundnut samples, to be used either for 
export and local consumption or for sowing, from different regions of Israel and 
examined for aflatoxin contamination using ELISA. They observed that 
aflatoxin was not uniformly distributed among the kernels. They also found that 
Aspergillus niger, A. flavus, Penicillium citrinum and P. pinophilum were the 
dominant fungi and there were no differences among cultivars. Approximately 
50% of the commercial samples examined were devoid of A. flavus. Other fungi 
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isolated were A. tamarii, A. amstelodami, P. rubrum, Rhizoctonia solani, 
Macrophomina phaseolina, Rhizopus spp., Sclerotium rolfsii, Fusarium and 
Alternaria spp. It is concluded that although groundnut samples containing A. 
flavus-infected kernels are moderately common, the local climate and agro-
techniques used in Israel are not conducive to aflatoxin accumulation, but 
infected kernels may become a threat to health if stored under inadequate 
conditions.  
 
2.5 Spread of toxigenic and non-toxigenic isolates of Aspergillus flavus 
Huang et al., (1994) examined 153 isolates of A. flavus group, including 
130 A. flavus, 15 A. parasiticus and 8 A. tamarii for production of both aflatoxin 
and CPA and found that 12 isolates of A. parasiticus produced aflatoxin but 
none of them produced CPA. All A. tamarii produced CPA where as 22.3 
percent of A. flavus (29 of 130 isolates) that produced CPA also yielded little or 
no aflatoxin. Most A. flavus isolates (44.6 %) produced both aflatoxin and CPA. 
Approximately 9.2 percent of the A. flavus were low CPA producers but yielded 
higher amounts of aflatoxin. Twelve of 130 A. flavus isolates (9.2 %) produced 
neither CPA nor aflatoxin. Ito and Goto, (1994) were able to detect more than 5 
ppm of CPA produced by the strains of A.  flavus, isolated from the soil samples 
from tea fields located from central to southern parts of Japan.  
Boller and Schroeder, (1966) reported that 94 percent of the strains 
isolated from rice in the United States were toxigenic. In another study in the 
same country Davis and Diener, (1970) reported that 86 percent of those isolates 
from groundnut in were toxigenic. Borut and Joffe, (1966) found 71 percent 
isolates as toxigenic in stored groundnut kernels in Israel. 
Gallagher et al., (1978) studied total 54 isolates and found 28 of the 54 
isolates (52 %) as CPA producer where as only 18 isolates (33 %) were 
aflatoxin producer. Diener and Davis, (1969) studied 1390 isolates collected 
from six different countries and found about 60 percent of the isolates were 
toxigenic. Jacquet and Bontibonnes, (1970) found that strains of tropical origin 
seem to be more toxigenic than strains from temperate regions. Trucksess et al., 
(1987) studied 95 isolates of Aspergillus and Penicillium spp. from selected 
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dried foods and found that one A. tamarii and all 13 P. urticae isolates produced 
CPA, whereas only 19 of the 31 (61 %) A. flavus isolates produced CPA, and 6 
(19 %) A. flavus produced aflatoxin.  
Patel et al., (1981) analyzed groundnut cakes for aflatoxin contamination 
and found about 64 percent of the samples contained aflatoxin, 25 percent of 
these positive samples had aflatoxin concentration between 20-520 mg kg-1. 
Only 5 of 26 samples of groundnut collected from local market in Maharashtra 
showed aflatoxin contamination (Patil and Shinde, 1985). Rao et al., (1965) 
collected a total of 288 samples from six coastal districts of Andhra Pradesh and 
found that 36 of 288 samples i.e. 12.5 percent were contaminated with aflatoxin. 
Vaamonde et al., (2003) studied various strains of Aspergillus section 
Flavi isolated from peanuts, wheat and soybean for both CPA and aflatoxin 
production and found that A. flavus was the predominant species in all substrates 
and aflatoxigenicity of A. flavus strains was higher in peanuts (69 %) than in 
wheat (13 %) or soybeans (5 %) while the ratio of CPA producing A. flavus 
isolated from all substrates was very high (94 % in peanuts, 93 % in wheat and 
73 % in soybeans). Isolates of A. flavus able to produce simultaneously 
aflatoxins type B and CPA were detected in all substrates, suggesting the 
possibility of co-occurrence of these toxins. Verma et al., (1996) screened eight 
groundnut varieties, for aflatoxicogenic fungi and its contamination in 
Maharashtra and among 71 A. flavus isolates tested, 34 produced aflatoxin with 
majority of those produced B1 type aflatoxins. 
 
2.6 The Pathogen Involved: Aspergillus flavus 
Strains of Aspergillus flavus Link ex Fries and Aspergillus parasiticus 
Speare are primary pathogen involved in production of toxic metabolite, 
Aflatoxin (Raper and Fennell, 1965). Some other fungi have also been reported 
as aflatoxins producer viz., A. ruber, Penicillium citrinum, P. puberalum 
(Hodges et al., 1964; Kulik and Holaday, 1966), A. oryzae (Bassappa et al., 
1967), A. ostianus (Scott et al., 1967), A. glaucus, A. fumigatus (Tilden et al., 
1961), A. ochraceus, A. nomius (Kurtzman et al., 1987), P. glaucum, P. 
digitatum, Mucor mucedo (Hanseen, 1968), Rhizopus species (Van-Walbeek et 
al., 1968) and Streptomyces species (Mishra and Murthy, 1969). Many other 
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fungi are also reported as aflatoxin producers up to some extent (Hesseltine et 
al., 1966 and Murakami et al., 1967). Out of 18 different types of aflatoxins 
identified, major ones are aflatoxin B1, B2, G1, and G2 based on their structure 
and chromatographic fluorescent characteristics, B1 and B2 fluorescence blue 
and G1 and G2 fluorescence green under ultra violet light (De Longh et al., 1962 
and Nesbitte et al., 1962). Masri et al. (1967) reported aflatoxin M1 and M2 from 
milk of animal fed with aflatoxin contaminated feed where as Dutton and 
Heathcote, (1966) isolated B2A and G2A from A. flavus and A. parasiticus. 
Moss, (1972) reported B1 as most occurring and acutely toxic followed by G1, 
B2 and G2.  
 
2.6.1. Taxonomy Information  
 
2.6.1.1 Species: Aspergillus flavus  
Description: Aspergillus flavus belongs to the Genus Aspergillus, Subdivision 
Deutoromycotina (Alexopoulos et al., 1996). Aspergillus flavus causes diseases 
of agronomically important crops, such as corn and peanuts, is second only to 
Aspergillus fumigatus as the cause of human invasive aspergillosis, and is the 
Aspergillus species most frequently reported to infect insects (St. Leger et al., 
2000). It was demonstrated that most A. flavus strains can cause disease in both 
plants and animals. Many fungi moved from opportunistic forms to specialized 
pathogens by gaining the ability to produce host-selective toxins that provided 
the genetic isolation for evolutionary change. Although A. flavus produces a 
variety of toxins, including aflatoxins, the routine association of A. flavus with 
various plants and insects in an opportunistic fashion, as these nutritional 
resources temporarily become available, could explain why populations of A. 
flavus have not diverged into separate pathogenicity types. It is possible that A. 
flavus routinely infects both plants and animals with the insect acting as vector. 
In this scenario, the insect eventually serves as a substrate to create a very large 
inoculum to exploit insect damage in the plant (St. Leger et al., 2000). The 
occurrence of Aspergillus flavus in field maize was first reported 75 years ago 
(Taubenhaus, 1920). Aspergillus flavus and A. parasiticus are the predominant 
species responsible for aflatoxin contamination of crops prior to harvest or 
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during storage. The genes of both important aflatoxicogenic species are very 
homologous (Yu et al., 2004). Researchers have frequently failed to distinguish 
between the two species in their research, or the identity of the species was not 
verified by a taxonomist (Diener et al., 1987). The fungus occurs on many types 
of organic material in various stages of decomposition including forages, cereal 
grains, food, and feed products.  
 
2.6.1.2 Variant(s) 
2.6.1.2.1 Aspergillus flavus var. columnaris  
Description: Kalayanamitr et al., (1987) observed that studies to modernize the 
soy sauce fermentation in Thailand began in 1978 when a locally yellow-green 
Aspergillus strain was recommended for use in soy sauce factories because it 
was a high protease producer, was free of aflatoxin and other toxins, and it 
produced good taste and aroma in the final fermentation strain. This strain was 
first labeled as a strain of Aspergillus oryzae but was later found to conform 
well to the description of A. flavus var. columnaris.  
 
2.6.1.2.2 Aspergillus sp. L and Aspergillus sp. S 
Description: Aspergillus flavus is a widely distributed filamentous fungus that 
contaminates crops with the potent carcinogen aflatoxin. This species can be 
divided into S and L strains on the basis of sclerotial morphology (Mellon and 
Cotty, 2002).  
 
2.6.1.2.3 Aspergillus sp. S(B) and Aspergillus sp. S(BG) 
Description: In buffered medium, West African Aspergillus flavus S(BG) 
isolates were more sensitive to nitrate repression of aflatoxin biosynthesis than 
were North American S(B) isolates (Ehrlich and Cotty, 2004).  
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2.6.2 Lifecycle Information  
2.6.2.1 Stage Information 
 
2.6.2.1.1 Mycelium and Sclerotia in soil or crop debris 
Size: The hyphae are well developed, profusely branched, septate, and hyaline; 
their cells are, as a rule, multinucleate (Fig 3) (Alexopoulos et al., 1996).  
 
 
 
Figure 3: Hyphae of A. flavus 
(Source:http://www.doctorfungus.org/mycoses/images/aspergillus-flavus.jpg) 
 
Description: Fungal mycelium appears to be the predominant structure found in 
the soil, but sclerotia can be formed, thus contributing to the long-term survival 
of the fungus (Scheidegger and Payne, 2003). Several studies have shown that 
aflatoxin production and sclerotial formation is interrelated (Cotty, 1988). He 
also determined a link between aflatoxin production and sclerotial 
morphogenesis based on changes of both chemical and morphological 
differentiation in response to pH. He suggested that at pH 4.0 or below, 
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sclerotial production is reduced by 50% in A. flavus while aflatoxin production 
is maximal. 
 
2.6.2.1.2 Conidiophores: (Alexopoulos et al., 1996) 
Size: While still young and vigorous, the mycelium produces an abundance of 
conidiophores. These are not organized in many ways, but arise singly from a 
somatic hyphae. The hyphal cell that branches to give rise to the conidiophore is 
called the foot cell.  
Shape: The conidiophores are long, erect hyphae, each terminating in a bulbous 
head, the vesicle (Fig 4).  
 
 
 
Figure 4: Conidiophore of A. flavus with conidium-bearing cell  
(Source: http://www.mykotoxin.de/Startseite.htm) 
 
2.6.2.1.3 Conidiogenous cells (or sterigmata): (Alexopoulos et al., 1996) 
Size: As a multinucleate vesicle develops, a large number of conidiogenous cells 
are produced over its entire surface, completely covering it. One or two layers of 
conidiogenous cells (sometimes called sterigmata) may be produced, according 
to the species. When two layers of sterigmata are produced, the secondary are 
the ones from which the conidia arise.  
Shape: The conidium-bearing cells are typical phialides (Fig 5 and 6).  
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Figure 5: Conidial head of A. flavus 
(Source:http://www.mycology.adelaide.edu.au/Fungal_Descriptions/Hyphomyc
etes_(hyaline)/Aspergillus/flavus.html) 
      
   Figure 6:  Electron microscopy conidial head  
(Source: http://www.denniskunkel.com/index.asp) 
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2.6.2.1.4 Conidia: (Alexopoulos et al., 1996) 
Size: As the phialides reach maturity, they begin to form conidia at the tips, one 
below the other, in chains. The conidia of Aspergillus are formed inside of the 
phialide, which is actually a tube. A portion of the protoplasm with a nucleus at 
the tip of the sterigma is delimited by a septum. The protoplast rounds off, 
secretes a wall of its own within the tubular phialide, and develops into a 
conidium. In the meantime, a second protoplast below the first develops into a 
spore and pushes the first spore outward without disjunction, so that the chain of 
spores is formed as the phialide protoplasm continues to grow and cuts off more 
conidia, one below the other.  
Shape: The conidia are typically globose and unicellular with extremely 
roughened walls (Fig 7).  
 
    
 Figure 7: Conidia (Source: www.iums.org/ ICPAAspflav.htm) 
 
    
 Figure 8: A. flavus on groundnuts  
(Source: http://www.nri.org/images/foodsafety1.jpg) 
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Conidia on healthy plants 
Conidia are carried by wind or insect to healthy plants (Diener et al., 
1987). Later in the growing season, conidia produce on crop debris or on 
infected plants as shown on peanut kernels (Fig 8), provide high levels of 
secondary inoculum when environmental conditions are conducive for disease 
development (Scheidegger and Payne, 2003). Saprophytic growth is also 
important to consider in the life cycle of this pathogen. Infected plant tissue such 
as corn kernels, cobs, and leaf tissue can remain in the soil and support the 
fungus until the following season when newly exposed mycelium or sclerotia 
can give rise to conidial structures, thus producing the primary inoculum for the 
next infection cycle (Payne and Brown, 1998).  
 
Saprophytic mycelia 
A. flavus appears to spend most of its life growing as a saprophyte in the 
soil. Growth of the fungus in this habitat is supported largely by the presence of 
plant and animal debris (Scheidegger and Payne, 2003).  
 
Life Cycle: Conidia produced by mycelium or sclerotia serve as the primary 
inoculum for diseases caused by A. flavus. Spores are carried by wind or insects 
to nearby plants (Fig 9). Insects clearly play an important role in the 
epidemiology of A. flavus (Diener et al., 1987).  
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Diagram of infection (Source: Scheidegger and Payne, 2003) 
Figure 9: Diagram of the pre-harvest infection of cotton, corn, and peanuts by 
Aspergillus flavus.  
Sclerotia and conidia produced by A. flavus growing on crop debris and 
in the soil serve as primary inoculum for young plants in the spring. Later in the 
growing season, conidia produced on crop debris or on infected plants provide 
high levels of secondary inoculum when environmental conditions are 
conducive for disease development (Scheidegger and Payne, 2003) 
 
2.7 Morphological and Physiological Variability 
Schroeder and Ashworth, (1966) noticed that the production of aflatoxin 
is the result of the interaction of genotype of a strain and the environment in 
which it is growing. Jarvis, (1971) reported that nearly all strains of A. 
parasiticus are toxigenic. Further, the production of aflatoxin by A. flavus varied 
considerably from strain to strain and in both the species, it was the function of 
environmental conditions. 
Pitt and Klich, (1988) reported that conidial wall texture is the most 
effective criterion for distinguishing A. flavus and A. parasiticus and mycotoxin 
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production correlated with morphological speciation. Population of A. flavus and 
A. parasiticus are extremely diverse genetically and comprise large numbers of 
vegetative compatibility groups, even with in a restricted geographic area (Papa, 
1986; Bayman and Cotty, 1993 and Horn and Greene, 1995). Variability in the 
density of A. flavus and A. parasiticus in soil may result from regional 
differences in the frequency of drought and in soil temperature, and the 
influence of these factors on the susceptibility of groundnut seeds to fungal 
invasion (Horn and Dorner, 1998).  
Klich et al. (2003) studied morphological variations of some A. 
ochraceoroseus strains along with their molecular sequence data and compared 
with other sections Circumdati, Flavi, Nidulantes, and Versicolores. On the 
basis of morphological data A. ochraceoroseus was placed in subgenus 
Circumdati. After morphological studies they compared molecular sequence 
data from A. ochraceoroseus aflatoxin and sterigmatocystin genes aflR and nor-
1/stcE, as well as 5.8S ITS and beta tubulin genes, to that of aspergilli in 
sections Circumdati, Flavi, Nidulantes, and Versicolores. In the sequence 
comparisons, A. ochraceoroseus was more closely related to the species in 
subgenus Nidulantes than to species from subgenus Circumdati. 
 
2.7.1 Sclerotial production and its variation 
Cotty, (1988) suggested a pH-mediated, inter-related regulation of 
sclerotial morphogenesis, and aflatoxin biosynthesis. He also indicated two 
groups of A. flavus strains, S-strains and L-strains. S-strains produced abundant 
small sclerotia (less than 400 µm in diameter) and large quantity of aflatoxin 
where as L-strain produced fewer but large sclerotia (more than 400 µm in 
diameter) with less aflatoxin.  
Bilgrami et al., (1991) detected aflatoxin in the sclerotia of toxigenic and 
non-toxigenic isolates of A. flavus and found that A. flavus strains of tropical 
origin were more toxigenic than strains from temperate regions. However, the 
isolates producing fewer and larger sclerotia produced only B aflatoxin. B and G 
aflatoxin differ in their ring structure and have different properties in thin layer 
chromatography (TLC) fluorescing blue green and green, respectively (Singh et 
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al., 1991). Out of 200 A. flavus strains isolated from groundnuts, Lisker et al., 
(1993) found about 30 percent of isolates produced sclerotia, among which five 
percent produced sclerotia profusely in potato dextrose broth.  
 
2.7.2 Variation in physiology among the strains 
Wheeler et al., (1991) studied the influence of pH and found that 
Aspergillus species were more tolerant of alkaline pH while Penicillium species 
appeared to be more tolerant of acidic pH. Thompson, (1990) studied the 
influence of pH on the toxigenicity and found that optimum pH for growth of 
eight toxigenic Aspergillus strains (six A. flavus and two A. parasiticus) was 
recorded at pH 6 in unamended potato dextrose broth medium. Significantly less 
mycelial growth was observed at pH 4 and 8, respectively, for all of the fungal 
strains. Pathogenic Aspergillus spp. are capable of growth at low oxygen 
tensions, which may have implications for pathogenicity and anti-fungal activity 
(Hall and Denning, 1994).  
Horn et al., (1996) studied vegetative compatibility groups with in 
populations of A. flavus, A. parasiticus and A. tamarii from soil and groundnut 
seeds in a groundnut field and examined the differences in morphology (colony 
color and sclerotium characters) and mycotoxin production (aflatoxins, 
cyclopiazonic acid and kojic acid) and found that there is high proportion of 
variation among isolates accounted for vegetative compatibility groups and 
suggested that isolates within groups were closely related. Desai et al., (2003) 
reported variability in growth among isolates of fungi (Fusarium oxysporum 
f.sp. ricini) due to various edaphic and nutritional factors. 
  Phylogenetic analysis based on 32 strains of both L-type and S-type 
revealed that gene sequences, morphological data and aflatoxin production by A. 
flavus represented a deep divergence within this species (Geiser et al., 2000). 
 
2.7.3 Effect of various salts on Aspergillus species 
Cotty, (1988) observed influences of sodium nitrate and ammonium 
sulfate with respect to pH on aflatoxin and sclerotial production, when used as 
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sole nitrogen sources in solid media. El Abyad, (1988) studied the influence of 
salinity stress on mycelial growth, sporulation, germination of conidia and 
sclerotia of 11 rhizosphere fungi of sugar beet and found both stimulatory as 
well as inhibitory effect of salt on these fungi. He found that there was more 
than 50 percent reduction in the production of sclerotia in two of these 11 fungi 
(Rhizoctonia solani and Sclerotium  rolfsii). 
Lebron et al., (1989) observed the inhibition of growth of Aspergilli in a 
media containing two percent pure tetra-sodium pyrophosphate (TSPP) and one 
and two percent sodium polyphosphate glassy (SPG) and two percent of the 
commercial phosphate blend. Lower concentrations of single or blended 
phosphates allowed only limited, a typical mycelial growth. Sporulation was 
totally inhibited by two percent concentrations of single or blended phosphates, 
and so was production of aflatoxins B1 and G1. TSPP or SPG at 1 percent 
reduced (P less than 0.05) aflatoxin production from parts per million (control) 
to parts per billion.  
Thammasak and Tipawan, (1991) reported bisulfite salts of sodium as 
the best detoxificant and found its effective dosage could be as low as                           
100 ppm. Slight inhibition of mycelial growth and sporulation was recorded 
when isolates were cultured in a basal medium with five percent sodium 
chloride (NaCl). The extent of the inhibition increased with increasing salt 
concentration and at 25 percent sodium chloride growth was almost inhibited, 
(Diyaolu and Adebajo, 1994). According to Shahin and Aziz, (1997), the rate of 
A. flavus growth and production of aflatoxin in yeast extract sucrose medium 
generally decreased as the concentrations of sodium chloride increased from 2 to 
12 percent.  
Higher concentrations of iprodione (10-20 µg ml-1) inhibited the 
production of cyclopiazonic acid and mycelium by A. flavus almost completely, 
but not the production of Ochratoxin A and mycelium by A. ochraceus. 
(Munimbazi et al., 1997). 
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2.8 Aflatoxin Detection 
There are several methods used for qualitative and quantitative detection 
of aflatoxins. However, not all methods are recognized by Association of 
Official Analytic Chemists (AOAC) due to differences in their levels of 
detection sensitivity. 
 
2.8.1 Qualitative methods for aflatoxin detection 
Aflatoxin detection by ultraviolet (UV) method is also popular as black 
light method and is used by several buying stations. An ultraviolet light of 365 
nm is normally used. However, it is not a reliable method of detecting aflatoxin 
since the compound that produces the bright, greenish-yellow fluorescence is 
kojic acid and not aflatoxin. It may be used as a presumptive screening method, 
but not as an analytical method since fluorescence may occur without aflatoxin 
being present (Duncan and Hagler, 1986). 
Aflatoxin producing strains of A. flavus produced a blue fluorescence 
under ultraviolet (UV) light when grown on a modified Czapek's medium (Hara 
et al., 1973). 
Cvetnic and Pepeljnjak, (1995) used UV photography method for the 
distinction of aflatoxin positive from aflatoxin negative strains of A. flavus and         
A. parasiticus in glucose yeast extract agar medium. In the UV photographs 
aflatoxin producing moulds were identified as gray or black colonies, whereas 
aflatoxin non-producing moulds appeared as white colonies. 
A minicolumn method employing florisil for rapid screening of aflatoxin B1 has 
been developed and modified to be used by several buying stations to determine 
whether or not to purchase a lot of corn. Elevators frequently use this method to 
follow up on black light positive samples, particularly during years when 
aflatoxin problems were common. The method can detect B1 as low as 5 ppb in 
cottonseed products, but cannot be used analytically because it lacks resolution, 
and more importantly, because it does not definitely identify B1. Normally, a 
sample is called positive for B1 if an aflatoxin-like fluorescing material is found 
absorbed to the florisil layer of the column. Generally, an unknown sample is 
compared to one or more known aflatoxin positive samples (usually at 20 and 
100 ppb) (Duncan and Hagler, 1986). 
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 Davis and Diener, (1970) developed a method for detecting aflatoxins in which 
iodine is used to convert aflatoxin B1 into a more intensely fluorescent 
derivative, which is then quantitated using a comparatively simple photo-
fluorometer and filter combination. The instrument is adjusted to read directly in 
micrograms per kilogram (ppb) of aflatoxin. This method has the advantage of 
using less solvent, which makes it much safer for the operator (Duncan and 
Hagler, 1986). 
 Abbas et al., (2004a) reviewed some culture-based methods for determination 
of aflatoxin. These methods include blue fluorescence of aflatoxin B1, 
particularly when enhanced by including beta-cyclodextrin in the culture 
medium, yellow pigment production, and color change on exposure to 
ammonium hydroxide vapor. The presence of aflatoxin B1 can be detected by its 
blue fluorescence, which is enhanced when the toxin complexes with the 
hydrophobic pocket of beta-cyclodextrin. The yellow pigment and ammonium 
hydroxide vapor tests are based on the production of yellow anthraquinone 
biosynthetic intermediates in the aflatoxin pathway. These compounds act as pH 
indicator dyes, which are more visible when they have turned red at alkaline pH. 
Because these tests are based on two different mechanisms, it has been possible 
to combine them into a single test. In a study of 517 A. flavus isolates from the 
Mississippi Delta, the combined assay reduced false positives for 
aflatoxigenicity to 0%, and false negatives to 7%. The increased predictive 
power of the combined cultural assay may thus, enable its use for inexpensively 
identifying potential aflatoxin contamination in feeds and foods. 
Saito and Machida, (1999) studied a rapid identification method of 
aflatoxin producing strains of Aspergillus flavus and A. parasiticus by 
ammonia vapor. They observed that the colony reverse of aflatoxin (AF) - 
producing strains of Aspergillus flavus and A. parasiticus turned pink when 
their cultures were exposed to ammonia vapor. The color change was visible 
for colonies grown on media suitable for AF production such as potato 
dextrose, coconut and yeast extract sucrose agars after 2 days incubation at 25 
oC. Out of the 120 strains of A. flavus, A. parasiticus and two related species in 
A. flavus groups: A. oryzae and A. sojae were tested in the study, only the AF-
producing strains of A. flavus and A. parasiticus showed the pink 
pigmentation. The color change occurred immediately after the colony was 
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contacted with ammonia vapor. This method was found to be useful for rapid 
screening of the AF-producing strains of A. flavus and A. parasiticus. 
 
2.8.2 Quantitative methods for aflatoxin detection 
The qualitative methods for aflatoxin detection were useful for 
screening of large number of samples but for accurate quantitation of aflatoxin 
several methods have been developed viz., Thin Layer Chromatography (TLC), 
High Performance Liquid Chromatography (HPLC), Enzyme-linked 
Immunosorbent Assay (ELISA), etc. 
Thin layer chromatography (TLC) method is approved by the 
Association of Official Analytical Chemists and is referred to commonly as the 
CB method. In this method, the aflatoxins are extracted from sample using 
solvents concentrated and spotted on chromatograms. The presence of spots on 
thin layer chromatograms with RF values similar to or identical with those of 
aflatoxins B1, B2, G1, or G2 is a tentative identification. To confirm the 
presence of aflatoxins, the suspect spot is reacted with trifluoroacetic acid or 
glacial acetic acid, and developing the reaction products in a new solvent 
system and comparing with known standards. This method is used by several 
laboratories, but is not used by buying stations (Duncan and Hagler, 1986). 
De Longh et al., (1964) introduced the use of silica gel (Kieselgel G) 
coated TLC plates for better resolution in chloroform: methanol :: 98:2 (v/v). 
Gonzalez, (1987) developed two methods for the detection of aflatoxin 
producing strains of Aspergillus species, in one method, the fungus was seeded 
on a coconut medium and observed directly under UV and in the second, TLC 
was used to detect aflatoxin in a disc of the fungus on glucose-yeast extract 
agar and found later one as more sensitive. 
Sobolev et al., (1998) developed a liquid chromatographic method for 
simultaneous determination of major secondary metabolites, including 
cyclopiazonic acid (CPA), O-methylsterigmatocystin and the versicolorin, 
produced by Aspergillus species from section Flavi (A. flavus, A. parasiticus, 
A. tamarii and A. caelatus) on a liquid medium.  
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Several direct competitive Enzyme-linked Immunosorbent Assay 
(ELISA) methods have been reported for the analysis of aflatoxin in groundnut 
products (Ram et al., 1986). Indirect ELISA has been used for the analysis of 
aflatoxin in groundnut and its product using bovine anti-serum (BSA) protein 
as carrier for the conjugation of aflatoxin (Fan and Chu, 1984 and Morgan et 
al., 1986). Chu et al., (1987) developed a new ELISA protocol that takes 
approximately an hour to complete quantitative analysis of aflatoxin B1 in 
groundnut and maize. 
Anjaliah et al., (1989) found that the hapten can be coupled with 
alkaline phosphatase and used in a competitive direct ELISA for the detection 
of aflatoxin B1 in naturally contaminated or ‘spiked’ groundnut seed samples. 
This assay was more rapid and less expensive than physio-chemical methods 
of aflatoxin analysis and can detect levels of aflatoxin B1 as low as 50 
picogram (pg).  
Dutta and Das, (2001) compared the efficacy and applicability of 
ELISA over TLC in large-scale detection of aflatoxin in feed samples and 
reported that ELISA gave better and accurate results compared to TLC. 
Ramakrishna et al., (1990) assayed aflatoxin B1, T-2 toxin, and 
ochratoxin A in a single extract from barley grain by using competitive 
ELISAs with monoclonal antibodies. Aflatoxin B1 and T-2 toxin monoclonal 
antibodies were conjugated to horseradish peroxidase for direct competitive 
ELISA while an indirect competitive ELISA was used for ochratoxin A 
determination. The competitive ELISA detected 0.1 ng ml-1 aflatoxin B1, 10 ng 
ml-1 T-2 toxin and 1 ng ml-1 ochratoxin A. The mean within-assay, inter-assay 
and sub-sample coefficients of variation by ELISA of barley grain 
contaminated with toxigenic fungi (Aspergillus flavus, Fusarium poae and 
Penicillium verrucosum) were <12% for aflatoxin B1 and ochratoxin A but as 
high as 17% for T-2 toxin. 
Cole et al., (1988) analyzed grade samples from 152 lots of stock 
groundnuts were for aflatoxin by an ELISA rapid screening test and HPLC and 
compared the results with those of the visual inspection method used by the 
Federal State Inspection Service (FSIS) in Georgia. The results showed 41% of 
the grade samples with visible Aspergillus flavus contained <20 ppb aflatoxin 
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when analyzed by both ELISA and HPLC method; 18.7% of Segregation 
groundnuts (no visible contamination) contained 26-2542 ppb aflatoxin. The 
results of ELISA and HPLC agreed in 98.6% of the composite lot analyses 
with the detection of 20 ppb or greater. However, the ELISA rapid screening 
test failed to give positive tests 12 of 13 times when the aflatoxin content was 
20-43 ppb in the component samples. 
Singh et al., (2003) conducted a study to employ indirect competitive 
plate-ELISA for the detection of aflatoxin B1 (AFB1) in naturally contaminated 
poultry feed. They obtained feed samples from the farmers who brought their 
disease birds for postmortem examination at the Poultry Pathology Laboratory, 
Department of Veterinary Pathology, COVS, PAU, Ludhiana, Punjab, India. 
The samples were found negative by chemical assay employing pressure mini 
column (PMC) and thin layer chromatography (TLC). An indirect competitive 
plate-ELISA was standardized for the detection of AFB1. Out of the 27 feed 
samples tested, 4 samples were found negative for AFB1. The quantity of AFB1 
was 700 fg to 900 ng in the 23 positive samples which were found negative 
earlier by using PMC and TLC. They concluded that plate-ELISA, due to 
combination of high sensitivity and specificity, ensured minimal sample 
preparation and contributed to high rates of sample analysis than other chemical 
analysis methods. 
Asis et al., (2002) determined aflatoxin B1 in highly contaminated 
peanut samples using HPLC and ELISA. They performed assay on two different 
reference samples: peanut extract and peanut paste that were spiked with known 
amounts of aflatoxins. The lower detectable level was 0.5 µg kg-1. The average 
intra-assay precision expressed as coefficient of variation (CV) was 11.7% for 
concentrations between 2.54 and 901 µg kg-1 and the average inter-assay 
precision was 29.7% for the same range of concentrations. The correlation 
between the ELISA and HPLC applied to 28 groundnut samples artificially 
contaminated with Aspergillus flavus and A. parasiticus spores showed a high 
correlation (r=0.977, P<0.0001). The detection limits and matrix influence 
associated with the modified ELISA procedure found to be more sensitive than 
those reported for other ELISA procedures due to specific antiserum treatment. 
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Abbas et al., (2004b) studied the comparison of cultural and analytical 
methods for detecting aflatoxin production by Aspergillus species. Aspergillus 
isolates were collected from various Mississippi Delta crops (corn, peanut, rice, 
cotton) and soils. Most of the isolates (99%) were A. flavus and the remainder 
comprised of A. parasiticus and A. nomius. Three different cultural methods 
were evaluated on potato dextrose agar: fluorescence (FL) on beta-cyclodextrin-
containing media (CD), yellow pigment (YP) formation in mycelium and 
medium, and color change after ammonium hydroxide vapor exposure (AV). 
Aflatoxins in culture extracts were confirmed by thin-layer chromatography 
(TLC) and quantified by enzyme-linked immunosorbent assay (ELISA). Out of 
517 isolates, 314 produced greater than 20 ng g-1 of total aflatoxin based on 
ELISA, and 180 produced greater than 10,000 ng g-1 of aflatoxin in the medium. 
Almost all the toxigenic isolates (97%) were confirmed by TLC as producers. 
Of the toxigenic isolates, as determined by ELISA, 93%, 73%, and 70% gave 
positive FL, YP, and AV responses, respectively. Of the 203 isolates producing 
less than 20 ng g-1 of aflatoxin, 20%, 6%, and 0% of respective FL, YP, and AV 
methods gave false-positive responses. The 9% false-positive results from TLC 
fall within this range. This study showed good agreement among all tested 
cultural methods. However, these cultural techniques did not detect aflatoxin in 
all cultures that were found to produce aflatoxins by ELISA, LC/MS, and TLC. 
The best results were obtained when the AV color change and CD fluorescence 
methods were used together, yielding an overall success rate comparable to TLC 
but without the need for chemical extraction and the time and expense of TLC. 
Dutta and Das, (2001) collected 256 feed samples from different parts of 
northern India and examined for the presence of aflatoxigenic strains of 
Aspergillus flavus/parasiticus and for detection of aflatoxin B1 (AFB1). Out of 
198 A. flavus and 15 A. parasiticus strains isolated, 76% and 86% respectively, 
were toxigenic. Aflatoxin B1 content of the feeds, as estimated by thin layer 
chromatography (TLC) and enzyme linked immunosorbent assay (ELISA) were 
very high (average 0.412 ±0.154 ppm) in comparison to the permissible Indian 
regulation level (0.03 ppm). They also recorded seasonal variation of incidence 
and level of toxin in feed and observed that it was high during monsoon/post 
monsoon period. 
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Yong and Cousin, (2001) developed an enzyme-linked immunosorbent 
assay (ELISA) in order to detect moulds producing aflatoxins in maize and 
peanuts by an antibody produced to extracellular antigen from Aspergillus 
parasiticus. That antibody recognized species with phenotypic similarities to A. 
parasiticus, A. flavus and the domesticated species A. sojae and A. oryzae. 
Maize samples naturally contaminated with aflatoxins were obtained from the 
U.S. Department of Agriculture, Tifton, Georgia, USA. For these maize 
samples, low and high levels of aflatoxin corresponded with low and high 
ELISA readings for mould antigens, respectively. Maize obtained from the 
Agronomy Research Center in Purdue University, West Lafayette, Indiana, USA 
and peanuts from a local supermarket were inoculated with 102 spores/ml of A. 
parasiticus and incubated at 15 °C for 18 days or 21 °C for 7 days. These 
samples were later analyzed for mould antigens and aflatoxin levels. At 15° C, 
mould antigens were detected by day 4 in maize when 0.16 ng g-1 of aflatoxin 
was detected by ELISA but not by thin layer chromatography (TLC). Antigens 
were detected in peanuts by day 4 before aflatoxin was found. Likewise, at 21° 
C, antigens were detected by day 4 in maize when less than 1 ng g-1 of aflatoxin 
was detected by ELISA but not by TLC, but by day 2 in peanuts when no 
aflatoxin was detected. A. parasiticus could be detected before it could produce 
aflatoxins. Therefore, this ELISA shows potential as an early detection method 
for moulds that produce aflatoxins. 
Huang et al., (1994) used an ELISA method to monitor a total of 153 
fungi in the Aspergillus flavus group, including 130 A. flavus, 15 A. parasiticus 
and 8 A. tamarii, for their ability to produce aflatoxins (AFs) and cyclopiazonic 
acid (CPA) in a mycological broth-sucrose-yeast extract medium. Out of 15 A. 
parasiticus isolates, 10 produced AFs in a range of 12.4-89.3 mu g/vial (mean 
56.9 mu g/vial); 2 isolates produced only trace amounts of AFs and 3 isolates 
produced none at all. Production of CPA was not demonstrated in any A. 
parasiticus isolate. All A. tamarii isolates produced only CPA with a range of 
310-1100 mu g/vial. 19 of 30 A. flavus isolates (14.6%) produced >500 mu g 
CPA/vial, but yielded little or no AF (<0.1 mu g/vial). Approx. 22.3% of A. 
flavus (29 of 130) that produced <500 mu g of CPA also yielded little or no 
aflatoxin. Most A. flavus isolates (44.6%) produced both CPA (50-300 mu 
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g/vial) and AFs (10-40 mu g/vial). Approximately 9.2% of the A. flavus were 
low CPA producers (<100 mu g/vial) but yielded higher amounts of AFs. 12 of 
130 A. flavus isolates (9.2%) produced neither CPA nor aflatoxin. Excluding the 
isolates that produced neither AFs nor CPA, there was a negative correlation 
between the production of CPA and AFs by most A. flavus isolates. Data 
obtained from ELISA for the production of CPA were consistent with TLC 
results. It is concluded that the ELISA method for CPA and AFB could be 
applied to the screening of toxigenic fungi. Data on the simultaneous production 
of both toxins by a large percentage of the toxigenic A. flavus isolates indicated 
that there might be a potential health hazard for co-existence of both toxins in 
foods and feeds. 
Kikuchi and Ichinoe, (1992) applied a competitive ELISA using 
aflatoxin-specific monoclonal antibody for rapid screening of the aflatoxin (AF) 
productivity of A. flavus and A. parasiticus. The antibody was cross-reactive 
with AFB1 and AFG1, and showed weak cross-reactivity with AFB2 and AFG2. 
The assay allowed detection of 1-100 nM AFB1 and AFG1, and was used to 
compare AF production of A. flavus and A. parasiticus strains in culture using 2 
different liquid media, SL and YES. Out of 71 strains isolated from agricultural 
commodities and soils, 53 (75%) produced AF in SL medium and 28 (39%) in 
YES medium. It is suggested that the use of competitive ELISA in detecting AF 
in SL medium is applicable to the screening of large numbers of small-scale 
cultures. 
Banerjee and Shetty, (1992) collected feed samples from different 
poultry farms and feed mills situated in Andaman and Nicobar islands in India 
and assessed for aflatoxin B1 contamination. Monoclonal antibody-based ELISA 
method was applied for detection of Aflatoxin B1. They found 77 percent of the 
feed samples were contaminated from Aflatoxin B1 in the range of 5.5 to 90.0 
ng g-1. 
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2.9 Molecular characterization of Aspergillus spp. 
 
2.9.1 Amplified Fragment Length Polymorphism (AFLP) 
 Barros et al., (2007) used Amplified Fragment Length Polymorphism (AFLP) 
to characterize 82 isolates of Aspergillus section Flavi isolates collected from 
peanut fields in Argentina. On the basis of cluster analysis a clear separation of 
A. flavus and A. parasiticus could be shown and further comparison of 
fingerprints revealed several specific markers for each group of isolates. AFLP 
analysis indicated that no genotypical differences could be established between 
aflatoxigenic and nonaflatoxigenic producers in both species analyzed. In 
addition, candidate AFLP markers associated with a particular VCG were not 
found. So they concluded that there was a concordance between morphological 
identification and separation up to species level using molecular markers. The 
findings of specific bands for A. flavus and A. parasiticus might be useful for the 
design of specific PCR primers in order to differentiate these species and for 
their detection in food and feed. 
Montiel et al., (2003) studied genetic differentiation of the Aspergillus 
section Flavi complex using AFLP fingerprints. They included twenty-four 
isolates of Aspergillus species which were capable of aflatoxin production. On 
the basis of 12 different primer combinations, 500 potentially polymorphic 
fragments could be identified. Isolates of A. sojae/A. parasiticus could be clearly 
separated from A. oryzae/A. flavus isolates on the basis of AFLP data. Further 
some markers were also identified that can be used to distinguish the A. sojae 
isolates from those of A. parasiticus, which form the basis for species-specific 
markers. They observed many polymorphisms between isolates within the A. 
oryzae/A. flavus subgroup but no markers could be identified that distinguish 
between the two species. The sequencing of the ribosomal DNA internal 
transcribed spacers (ITS) from selected isolates also separated the A. sojae/A. 
parasiticus subgroup from the A. oryzae/A. flavus subgroup, but was unable to 
distinguish between the A. sojae and A. parasiticus isolates. ITS variation was 
found between isolates within the A. oryzae/A. flavus subgroup, but did not 
correlate with species classification, indicating that it is difficult to use 
molecular data to separate the two species. On the basis of sequencing of 
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ribosomal ITS regions and AFLP analysis they concluded that some species 
annotations in public culture collections may be inaccurate. 
 Lee et al., (2004) compared the isolates of Aspergillus flavus and Aspergillus 
oryzae by amplified fragment length polymorphism. They tested 13 A. flavus, 9 
A. oryzae, and 3 A. flavus var. columnaris strains. DNA fragment profiles 
amplified with each of 3 selective primer pairs displayed similar patterns for the 
various A. flavus strains but different patterns were observed with the same 
primer pairs for the A. oryzae strains. They combined these data to increase the 
grouping of the various strains within each species and to distinguish between A. 
flavus and A. oryzae. By unweighted pair group method with arithmetic average 
(UPGMA) analysis, the AFLP data obtained from the 3 selective primer pairs, 
Eco RI-AC/Mse I-CAT, Eco RI-TA/Mse I-CAT, and Eco RI-TA/Mse I-CTT, 
differentiated A. flavus from A. oryzae successfully. Three strains of A. flavus 
received from ATCC grouped outside of the other A. flavus strains that were 
examined. The morphology of these isolates and the results indicate that those 
strains were originally misidentified and they should be classified as A. 
parasiticus. From the study it was concluded that the AFLP technique is a 
reliable and reproducible tool with the ability to differentiate A. flavus from A. 
oryzae, and should be generally useful in distinguishing between closely related 
species or strains. 
Warris et al., (2003) collected environmental and clinical A. fumigatus 
isolates in order to perform molecular characterization by AFLP and to establish 
if waterborne fungi play a role in the pathogenesis of invasive aspergillosis. 
Isolates were recovered from water (54 isolates) and air (21 isolates) at various 
locations inside and outside the hospital and from 15 patients (21 isolates) with 
proven, probable, or possible invasive aspergillosis and were genotyped by 
amplified fragment length polymorphism (AFLP) analysis. Based on genomic 
fingerprints, the environmental A. fumigatus isolates could be grouped into two 
major clusters primarily containing isolates recovered from either air or water. 
The genotypic relatedness between clinical and environmental isolates 
suggested that patients with invasive aspergillosis can be infected by strains 
originating from water or from air. In addition, 12 clusters with genetically 
indistinguishable or highly related strains were differentiated, each containing 
two to three isolates. In two clusters, clinical isolates recovered from patients 
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matched those recovered from water sources, while in another cluster the 
clinical isolate was indistinguishable from one cultured from air. The 
observation might open new perspectives in the development of infection 
control measures to prevent invasive aspergillosis in high-risk patients. They 
concluded that the genetic variability found between airborne and waterborne A. 
fumigatus strains might prove to be a powerful tool in understanding the 
transmission of invasive aspergillosis and in outbreak control. 
Perrone et al., (2006) used amplified fragment length polymorphisms 
(AFLPs) and genomic DNA sequences (rRNA, calmodulin, and α-tubulin 
genes) to identify 77 black aspergilli isolated from grape berries collected in a 2 
year survey in 16 vineyards throughout Italy. They distinguished four main 
clusters and that shared an AFLP similarity of <25%. Twenty-two of 23 strains 
of A. carbonarius produced ochratoxin A (6 to 7,500 g l-1), 5 of 20 strains of A. 
tubingensis produced ochratoxin A (4 to 130 g l-1), 3 of 15 strains of A. niger 
produced ochratoxin A (250 to 360 g l-1), and none of the 19 strains of 
Aspergillus “uniseriate” produced ochratoxin A above the level of detection (4 g 
l-1). These findings indicate that A. tubingensis is able to produce ochratoxin and 
that, together with A. carbonarius and A. niger, it may be responsible for the 
ochratoxin contamination of wine in Italy. 
Schmidt et al., (2003) isolated 70 strains of Aspergillus ochraceus 
mainly from Brazilian coffee related sources and investigated for genetic 
relatedness using automated laser fluorescence analysis of AFLP fragments. 
They observed a very close relationship among most of the strains on the basis 
of cluster analysis of fingerprints. Based on these results, they choose a sub-
set of characteristic A. ochraceus strains for the detection of marker 
sequences. They obtained the sequences from silver stained AFLPs separated 
on polyacrylamide gels. They detected a number of bands characteristic for A. 
ochraceus and cut out from the gels followed by reamplification of DNA, 
cloning and sequencing of fragments. Based on these sequences a set of 
SCAR PCR-primers was constructed. PCRs were optimised for specificity and 
subsequently tested against a panel of Aspergillus species. Using this approach 
they developed a PCR specific for Aspergillus ochraceus.  
Wicklow et al., (1998) made an evaluation of the genotypic diversity 
(DNA fingerprinting) of 269 A. flavus strains, including subpopulations isolated 
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from grain sampled at harvest (91 unique 'fingerprints' or genotypes/128 
strains), field soil (26 genotypes/31 strains), maize insects (49 genotypes/52 
strains) and air-spora (56 genotypes/58 strains), from a maize field near 
Kilbourne, Illinois, USA. Eight A. flavus genotypes were isolated from grain 
samples harvested in different years (1988-1991). Genotype 36, isolated from 3 
maize samples, matched the DNA fingerprint of a K.E. Papa strain NRRL 
19997, isolated from maize grown in Georgia. Ninety-eight percent of the A. 
flavus genotypes produced sclerotia and 53% produced aflatoxin. Contrasts of 
DNA fingerprints revealed 2 matches involving subpopulations from grain and 
soil, 1 match for grain and maize insects and no matches for grain and air-spora. 
The high genotypic diversity recorded for each subpopulation, in addition to a 
limited sample size, precluded any assessment of the relative importance of the 
subpopulations as sources of A. flavus infective inoculums.  
Kale et al., (1996) characterized experimentally induced, 
nonaflatoxigenic variant strains of Aspergillus parasiticus to study the 
relationship between regulation of aflatoxin biosynthesis and conidiogenesis. 
They used wild type (sec+ form) and mutant variant (sec form) for comparison, 
where sec+ form was aflatoxigenic strain and sec form was non-aflatoxigenic 
strain. Northern blots probed with pathway genes demonstrated lack of 
expression of both the aflatoxin biosynthetic pathway structural (nor-1 and omt 
A) and regulatory (aflR) genes in the sec forms; PCR and Southern hybridization 
analysis confirmed the presence of the genes in the sec genomes. It was 
concluded that the loss of aflatoxigenic capabilities in the sec form is correlated 
with alterations in the conidial morphology of the fungus, suggesting that the 
regulation of aflatoxin synthesis and conidiogenesis may be interlinked.  
 
2.9.2 Internally Transcribed Spacers (ITS) and Single Strand 
Conformation Polymorphism (SSCP) 
  Internally transcribed spacer (ITS) regions and Single strand 
conformation polymorphism (SSCP) have been used by several workers as a 
newer technique to develop phylogenetic relationship among most closely 
related species in a number of microorganisms. 
Wang et al., (1999) studied phylogenetic relationships among the 
sections of form-genus Aspergillus and their teleomorphs inferred from ITS II 
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rDNA sequences. They took 18 isolates of Aspergillus species assigned to 6 
teleomorphs of Aspergillus and their anamorphs, including reference isolates, 
were studied using sequence analysis of the rDNA internal transcribed spacer II 
(ITS II) region. The related species Neurospora crassa and Talaromyces flavus 
served as out groups for the analysis. The determined sequences were aligned 
and analyzed using PAUP 3.1.1. A phylogenetic tree was reconstructed using 
the Neighbour-joining method with the inclusion of sequence of some published 
related species. The branch separating T. flavus and Aspergillus spp. was 
supported by 77% bootstrap support. Aspergillus isolates and their holomorphs 
were grouped together. These results supported the hypothesis that Aspergillus 
is monophyletic. Using ITS II sequence analysis, anamorphs among their closed 
holomorphs could be placed. Among group A. flavipes, three A. flavipes isolates 
and three holomorph isolates were clustered into two subsets together. 
Phylogenetic comparison showed the ITS II region of A. flavipes has 
intraspecific variation, however, relationship between anamorph and teleomorph 
was closer than the relationship between different Aspergillus sections. The only 
exception was Aspergillus fumigatus section, a high degree of variation was 
evident between isolates of A. aureolus and teleomorph isolate N. aureola.    
Ito et al., (1998) described the phenotypic characteristics, DNA sequence 
and mycotoxin production ability of A. tamarii, A. caelatus and A. nomius, as 
well as A. flavus and A. parasiticus. Most isolates produced kojic acid, while 
only A. flavus, an aflatoxigenic, A. caelatus and A. nomius isolates produced 
aflatoxins. None of the A. caelatus isolates tested produced cyclopiazonic acid, 
while most isolates of A. tamarii produced this compound. They observed that 6 
nucleotide differences distinguish the DNA sequences of these A. tamarii and A. 
caelatus, in the regions of ITS1, ITS2, 5.8S rDNA and 28S rDNA and this was a 
consistent difference. Both species were isolated from acidified field soils, but 
A. tamarii isolates were more common than A. caelatus in highly acidic soils. 
Zhao et al., (2001) identified Aspergillus fumigatus and related species 
by nested PCR targeting ribosomal DNA internal transcribed spacer regions. In 
order to identify A. fumigatus, partial ribosomal DNA (rDNA) from two to six 
strains of five different Aspergillus species was sequenced. By comparing 
sequence data from GenBank, they designed specific primer pairs targeting 
rDNA internal transcribed spacer (ITS) regions of A. fumigatus. A nested PCR 
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method for identification of other A. fumigatus-related species was established 
by using the primers. To evaluate the specificities and sensitivities of those 
primers, 24 isolates of A. fumigatus and variants, 8 isolates of Aspergillus 
nidulans, 7 isolates of Aspergillus flavus and variants, 8 isolates of Aspergillus 
terreus, 9 isolates of Aspergillus niger, 1 isolate each of Aspergillus parasiticus, 
Aspergillus penicilloides, Aspergillus versicolor, Aspergillus wangduanlii, 
Aspergillus qizutongii, Aspergillus beijingensis, and Exophiala dermatitidis 
[Wangiella dermatitidis], 4 isolates of Candida, 4 isolates of bacteria, and 
human DNA were used. The nested PCR method specifically identified the A. 
fumigatus isolates and closely related species and showed a high degree of 
sensitivity. Additionally, four A. fumigatus strains that were recently isolated 
from their clinic were correctly identified by this method. The results 
demonstrated that the primers were useful for the identification of A. fumigatus 
and closely related species in culture and suggested further studies for the 
identification of Aspergillus fumigatus species in clinical specimens. 
Rath and Ansorg, (2000) used single strand conformational 
polymorphism (SSCP) of the PCR-amplified intergenic spacer region for 
identification of medically important Aspergillus species. They investigated 27 
culture collection strains of Aspergillus fumigatus, A. flavus, A. nidulans, A. 
niger and A. terreus for amplification of 5.8S RNA coding DNA with the 
neighboring internal transcribed spacers ITS I and ITS II (ITS I -- 5.8S rDNA -- 
ITS II). All strains showed a PCR product of 0.6 kb. Separation of DNA single 
strands of the PCR product in an acrylamide-bisacrylamide gel containing 
formamide SSCP resulted in individual patterns for each of the species. A minor 
variability within the species A. fumigatus and A. flavus did not affect the correct 
species identification. The results were confirmed when investigating 55 wild 
strains from patients and the environment. They concluded that the analysis of 
amplified ITS I-5.8S rDNA-ITS II region by SSCP allows the differentiation of 
the medically most relevant aspergilli. They also told that SSCP method does 
not require morphologically fully developed fungal colonies therefore it yields 
species diagnosis faster than the conventional macroscopic and microscopic 
identification. 
Luo et al., (2000) cloned and sequenced the internal transcribed spacer 
(ITS) region in the rRNA gene of Aspergillus fumigatus and compared the 
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sequences with other common Aspergillus spp. Three isolates of A. fumigatus 
with different origins had the same ITS I sequence, while the ITS II sequence of 
one isolate of A. fumigatus was almost identical to that of the sequence from 
gene bank, except for a variance of two bases. They suggested that the ITS I and 
ITS II sequences of A. fumigatus are conserved, but differ somewhat from A. 
flavus, A. niger, A. terreus and A. nidulans. 
Henry et al., (2000) developed a method to identify Aspergillus at the 
species level and to differentiate it from other true pathogenic and opportunistic 
molds by using the 18S and 28S rRNA genes for primer binding sites. They 
amplified and sequenced the contiguous internal transcribed spacer (ITS) region, 
ITS 1–5.8S–ITS 2, from referenced strains and clinical isolates of aspergilli and 
other fungi and compared with non-reference strain sequences in Gene Bank. 
They observed ITS amplicons from Aspergillus species ranging from 565 to 613 
bp. Comparison of reference strains and Gene Bank sequences demonstrated 
that both ITS 1 and ITS 2 regions were needed for accurate identification of 
Aspergillus at the species level. Intra species variation among clinical isolates 
and reference strains was minimal. Sixteen other pathogenic molds 
demonstrated less than 89% similarity with Aspergillus ITS 1 and 2 sequences. 
They also performed a blind study of 11 clinical isolates, and each was correctly 
identified. From their studies they suggested that clinical application of this 
approach may allow for earlier diagnosis and selection of effective antifungal 
agents for patients with IA. 
Hinrikson et al., (2005) conducted an assessment of large-subunit RNA 
gene (D1-D2 region) and internal transcribed spacers 1 and 2 (ITS1 and ITS2) 
regions for the identification of 13 medically important Aspergillus species: 
Aspergillus candidus, Aspergillus (Eurotium) chevalieri, Aspergillus (Fennellia) 
flavipes, Aspergillus flavus, Aspergillus fumigatus, Aspergillus granulosus, 
Aspergillus (Emericella) nidulans, Aspergillus niger, Aspergillus restrictus, 
Aspergillus sydowii, Aspergillus terreus, Aspergillus ustus, and Aspergillus 
versicolor. The length of ribosomal regions could not be reliably used to 
differentiate among all Aspergillus species examined. DNA alignment and pair 
wise nucleotide comparisons demonstrated 91.9 to 99.6% interspecies sequence 
identities in the D1-D2 region, 57.4 to 98.1% in the ITS1 region, and 75.6 to 
98.3% in the ITS 2 region. Comparative analysis using Gene Bank reference 
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data showed that 10 of the 13 species examined exhibited a <1-nucleotide 
divergence in the D1-D2 region from closely related but different species. In 
contrast, only 5 of the species examined exhibited a <1-nucleotide divergence 
from sibling species in their ITS1 or ITS2 sequences. They told that although 
the Gene Bank database lacked ITS sequence entries for some species at the 
time of study and suggested for major improvement in the quality and accuracy 
of Gene Bank entries. Finally they concluded that identification of medically 
important Aspergillus species using Gene Bank reference data seems more 
reliable using ITS query sequences than D1-D2 sequences, especially for the 
identification of closely related species. 
Kumeda and Asao, (1996) described a novel genetic approach for 
classifying the species of Aspergillus Section Flavi. The approach consists of 
PCR amplification of the 5.8S ribosomal DNA-intervening internal transcribed 
spacer regions (ITS I-5.8S-ITS II) with universal primers and of analysis of the 
PCR product by the principle of single-strand conformation polymorphism 
(SSCP). The approximately 570- to 590-bp PCR products were denatured and 
subjected to electrophoresis on a polyacrylamide gel supplemented with 20% 
formamide. The SSCP patterns of these species became more distinct by the 
addition of formamide to the gel and by visualization with ethidium bromide 
staining. A little interspecific length polymorphism among amplified ribosomal 
DNAs was enhanced to be detected by PCR-SSCP analysis. This analysis was 
capable of classifying 67 of the 68 Aspergillus Section Flavi strains tested into 
the following four groups, regardless of origin: A.flavus/A. oryzae, A. 
parasiticus/A. sojae, A. tamarii, and A. nomius. The results of restriction 
fragment length polymorphism analysis with PCR products of the ITS regions 
were consistent with those of PCR-SSCP analysis, except for A. nomius, which 
was not clearly differentiated from A. parasiticus/A. sojae. They concluded that 
nonradiolabelled PCR-SSCP analysis is inexpensive and practical to perform 
without special apparatus or skill and should assist in fungal morphological 
identification. 
 
2.10 Phylogenetic analysis of Aspergillus spp. 
 Several workers described and classified Aspergillus spp. by phylogenetic 
analysis on the basis of morphological and molecular data. Evolutionary 
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relationships among sections involving mycotoxin producing species 
(Aspergillus sections Circumdati, Flavus, Niger, Fumigatus and Clavatus) were 
evaluated using phylogenetic analysis of beta-tubulin and ribosomal RNA gene 
sequences (Varga et al., 2003). Phylogenetic analysis of sequences of the 
ribosomal RNA gene cluster was found useful for clarifying taxonomic 
relationships among toxigenic Aspergilli causing pre- and post-harvest 
contamination of agricultural products. Molecular data has enabled to clarify the 
taxonomy of black Aspergilli, A. flavus and its relatives, and sections 
Circumdati and Clavati, which include ochratoxin and patulin-producing species 
(Varga et al., 2004). Previous phylogenetic studies have revealed that A. flavus 
can be divided into 2 subgroups (groups I and II), with A. oryzae being nested 
with group I. Morphological data indicated that it consists of 2 morphological 
groups, S and L, based on the production of small or large sclerotia, 
respectively. In an experiment, 33 S and L strains of A. flavus from various 
regions around the world, together with 3 A. oryzae isolates and 2 A. parasiticus 
isolates (used as out groups) were evaluated for 3 gene regions, including the 
region involved in aflatoxin biosynthesis (omt12). The A. flavus isolates were 
rated as S or L and evaluated for the production of B and G aflatoxins and 
cyclopiazonic acid. Phylogenetic analysis based on gene sequences, 
morphological data and aflatoxin production indicated that A. flavus groups I 
and II represent a deep divergence within this species. Most group I strains 
produced some B aflatoxins, but none produced G aflatoxins. Of the 6 group II 
strains, 4 produced both B and G aflatoxins. Group II isolates were all of the S 
phenotype; group I strains included both S and L phenotypes (Geiser et al., 
2000). Phylogenetic analysis and comparison showed a very close intergeneric 
relationship of the genus Aspergillus to species of the genera Paecilomyces and 
Penicillium. However, the sequenced Aspergillus spp. also showed a very close 
relationship to Eurotium rubrum and Monascus purpureus. Phylogenetic 
analysis of fungal 18S rRNA sequences divided the general Aspergillus, 
Penicillium and Paecilomyces into 2 coherent clusters and showed a close 
intergeneric relationship which was in keeping with the existing morphological 
and taxonomic classification (Verweij et al., 1995). 
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After thorough review of the work done at morphological, biochemical 
and molecular level for characterization of Aspergillus spp. it was observed that 
some work in this area has already been done under groundnut production 
system. But in Gujarat state of India no work has been done so far for 
characterization of Aspergillus flavus isolates. Being major producer and 
exporter of groundnut it is essential to characterize the Aspergillus flavus 
isolates under groundnut production system so that characterization data may be 
utilized to develop strategy for management of Aspergillus flavus in groundnut 
based cropping system in Gujarat. Keeping in view the above scenario, this 
study has been carried out to characterize Aspergillus flavus isolates, collected 
across Gujarat under groundnut production system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
3. MATERIALS AND METHODS 
 
3.1 Glasswares and Polywares 
 All glasswares used were of low alkali borosilicate type 3.3 glass. All plastic 
used were either made up of polypropylene or polycarbonate. All glasswares were 
cleaned with labolene, rinsed with distilled water and oven dried before use. 
Plasticware (non sterile) were also cleaned with labolene, rinsed with distilled water 
and autoclaved before use. 
 
3.2 Chemicals, Reagents and Kits 
 The chemicals used for the present study were of molecular biology grade and 
obtained from authorized dealers. AFLP kit was procured from Invitrogen, CA, USA. 
Two kits were used under AFLP kit, first one was AFLP® Analysis System for 
Microorganisms (Cat. No. 11352-010) and second one was AFLP® Microorganism 
Primer Kit (Cat. No.11353-018). ITS primers were synthesized by Integrated DNA 
Technologies. Inc. US. 
 
3.3 Equipments 
 All equipments used for this study were either in the Biotechnology 
Laboratory or in Plant Pathology section at Directorate of Groundnut Research (Old 
name: National Research Center for Groundnut), Junagadh, Gujarat. All equipments 
used were of precision grade and well calibrated.  
 
3.4 Sterilization 
All glasswares were autoclaved in an autoclave at 15 lb psi (1.038 kg/cm2) 
steam pressure for 30 minutes. All the media and reagents were sterilized at 15 lb psi 
(1.038 kg/cm2) steam pressure in autoclave for 20 minutes. The antibiotics added to 
the medium were filter-sterilized and then added to luke warm sterile medium just 
before pouring. 
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3.5 Sample Collection 
Soil samples were collected from different locations across 27 taluka of ten 
districts viz. Amreli, Anand, Bhavnagar, Bhuj, Jamnagar, Junagadh, Porbandar, 
Rajkot, S.K. Nagar and Surendranagar of Gujarat State during summer and rainy 
seasons of 2005 and 2006, under ICAR Mycotoxin Network Project entitled, 
“Prevention and Management of Mycotoxin Contamination in Commercially 
Important Agricultural Commodities”, funded by Indian Council of Agricultural 
Research, New Delhi (ICAR). The crop was grown under irrigated condition during 
summer and under rainfed condition during rainy season. Soil samples were collected 
from groundnut fields shortly after sowing and two weeks before harvesting from the 
same soil sites. At each sampling, soil samples at 0-10 cm depth were collected from 
five randomly selected spots from between the plants and were pooled for each plot. 
All information was collected on a survey information sheet in order to maintain the 
record of farmers, crop history and to assess level of aflatoxin contamination 
(Appendix I).  
 
3.6 Fungus Isolation 
The fungus was isolated using Aspergillus flavus and parasiticus agar (AFPA) 
medium by dilution plating (Horn and Dorner, 1999). The composition of AFPA is 
give below: 
Peptone   : 10.0 g 
Yeast extract   : 20.0 g 
Ferric ammonium citrate : 0.5 g 
Chloramphenicol  : 0.2 g 
Agar    : 15.0 g 
Dichloran   : 2.0 mg 
Distilled water  : 1000.0 ml 
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The method of fungus isolation is briefly described as under:   
One gram soil sample was powdered finely in a pestle and mortar and 
transferred to a test tube. To the test tube, one ml of sterile distilled water was added 
and shaken thoroughly on a vortex blender and allowed to stand. From the 
supernatant, 100 µl aliquot was drawn and transferred to 900 µl of sterile distilled 
water serially up to 104 ml-1. From the last serial dilution, 100 µl of the soil extract 
was plated on petri-plates containing AFPA and incubated for five days at 28 ±2 oC.  
Potato Dextrose Agar (PDA) medium was prepared for preparation of PDA slants as 
well as petri-plates.  Pealed potato was boiled with 500 ml of distilled water and 
filtrate was used for PDA preparation. Seventeen grams each of Dextrose and Agar 
powder were added to the boiled potato filtrate and volume was made up to 1 l. with 
distilled water. It was autoclaved and allowed to cool up to 65 oC. Before pouring of 
PDA either to the petri-plates and test tubes, streptomycin was added to the media at 
the rate of 75 mg l-1. 
Typical colonies of Aspergillus developed on the petri-plates from each of the 
samples were transferred aseptically to PDA slants.  The cultures were purified using 
single spore isolation technique. The isolates of Aspergillus spp. mostly A. flavus were 
isolated, purified and maintained as single spore culture on agar slants. The cultures 
were given identity on the basis of their collection details and particular sampling site.  
 
3.7 Grouping of fungal isolates 
The morphological and growth characteristics of all the isolates were studied 
on solid medium (PDA medium). The growth habit, colony color and the diameter 
after 4 days were recorded for all the isolates. Based on colony color all 187 isolates 
were grouped into three different groups, viz., Group A, Group B and Group G. Group 
A isolates were identified with parrot green colony color in front and light greenish 
yellow in the reverse. Group B isolates were identified with white fluffy and yellow 
sporulation colony color in front and light lemon yellow in the reverse. Finally group 
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G isolates were identified with olive green colony color in front and light greenish 
yellow in the reverse. 
Following 187 isolates (Table 4), which were collected during summer and 
rainy seasons of 2005 and 2006, were used for this study: 
Table 4: Details of Isolates of Aspergillus flavus used for study 
Sample ID Accession No. Group District Taluka Village 
1 NRCG 01009 A Junagadh Manavadar Vedava 
2 NRCG 01012 A Junagadh Keshod Ajab 
3 NRCG 01016 A Junagadh Maliya Devgam 
4 NRCG 01018 A Junagadh Keshod Bavasimali 
5 NRCG 01025 A Junagadh Mangrol Husenabad 
6 NRCG 01026 A Junagadh Malia Hati Malia Hati 
7 NRCG 01031 A Junagadh Kodinar Kodinar 
8 NRCG 01032 A Junagadh Kodinar Kodinar 
9 NRCG 01035 A Junagadh Bilkha Bilkha 
10 NRCG 01036 A Junagadh Mangrol Mankhetra 
11 NRCG 01038 A Junagadh Mangrol Shil 
12 NRCG 01039 A Junagadh Mangrol Kukasvada 
13 NRCG 01040 A Junagadh Visavadar Visavadar 
14 NRCG 01041 A Junagadh Talala Jepur 
15 NRCG 01043 A Junagadh Sutrapada Sutrapada 
16 NRCG 01045 A Junagadh Kodinar Alidhra 
17 NRCG 01046 A Junagadh Una Pranchi 
18 NRCG 01047 A Junagadh Una Una 
19 NRCG 01048 A Junagadh Una Garal 
20 NRCG 01049 A Junagadh Visavadar Visavadar 
21 NRCG 01051 A Junagadh Talala Borvava 
22 NRCG 01052 A Junagadh Talala Borvava 
23 NRCG 01053 A Junagadh Talala Devali 
24 NRCG 01055 A Junagadh Talala Dhanej 
25 NRCG 01056 A Junagadh Zanzarada Zanzarada 
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26 NRCG 01057 A Junagadh Vanthali Vanthali 
27 NRCG 01058 A Junagadh Manavadar Verava 
28 NRCG 01059 A Junagadh Manavadar Sardargadh 
29 NRCG 01060 A Junagadh Manavadar Pajod 
30 NRCG 01061 A Junagadh Mangrol Rudalpur 
31 NRCG 01062 A Junagadh Porbandar Kutiyana 
32 NRCG 01063 A Junagadh Porbandar Madhavpur 
33 NRCG 01064 A Junagadh Porbandar Bagvadar 
34 NRCG 01065 A Junagadh Mangrol Mankhetra 
35 NRCG 01066 A Junagadh Mangrol Kukasvada 
36 NRCG 01067 A Junagadh Mangrol Kukasvada 
37 NRCG 01068 A Junagadh Vanthali Verava 
38 NRCG 01069 A Junagadh Vanthali Verava 
39 NRCG 01070 A Junagadh Vanthali Sanosari 
40 NRCG 01071 A Junagadh Vanthali Pajod 
41 NRCG 01073 A Junagadh Manavadar Galvav 
42 NRCG 01074 A Junagadh Porbandar Kutiyana 
43 NRCG 01075 A Junagadh NRCG Farm NRCG Farm 
44 NRCG 01076 A Junagadh NRCG Farm NRCG Farm 
45 NRCG 01077 A Junagadh NRCG Farm NRCG Farm 
46 NRCG 02002 A Amreli Bagasra Manekwadad 
47 NRCG 02004 A Amreli Bagasra Manekwadad 
48 NRCG 02007 A Amreli Bagasra Paniya 
49 NRCG 02008 A Amreli Bagasra Paniya 
50 NRCG 02009 A Amreli Amreli Paniya 
51 NRCG 02011 A Amreli Amreli Babapur 
52 NRCG 02013 A Amreli Dhari Khicha 
53 NRCG 02014 A Amreli Dhari Khicha 
54 NRCG 02017 A Amreli Dhari Zeera 
55 NRCG 02021 A Amreli Dhari Trambakpur 
56 NRCG 02024 A Amreli Amreli Amreli 
  
 
65 
 
57 NRCG 02029 A Amreli Amreli Amreli 
58 NRCG 02031 A Amreli Rajula Rajula 
59 NRCG 02034 A Amreli Bagasra MotaMunjiyasar 
60 NRCG 02035 A Amreli Bagasra MotaMunjiyasar 
61 NRCG 02037 A Amreli Bagasra Manekvada 
62 NRCG 02038 A Amreli Bagasra MotaMunjiyasar 
63 NRCG 02039 A Amreli Kunkavav Kunkavav 
64 NRCG 02040 A Amreli Amreli Amarapur 
65 NRCG 03005 A Bhuj Nakhatrana Dhawla 
66 NRCG 03007 A Bhuj Nakhatrana Kotra 
67 NRCG 03024 A Bhuj Bhuj Modhapur 
68 NRCG 03026 A Bhuj Bhuj Sukhapur 
69 NRCG 03027 A Bhuj Nakhatrana Nakhatrana 
70 NRCG 03028 A Bhuj Mandavi Kharod 
71 NRCG 03029 A Bhuj Mandavi Mandavi 
72 NRCG 03030 A Bhuj Mandavi Bidada 
73 NRCG 03031 A Bhuj Mundra Mundra 
74 NRCG 03032 A Bhuj Anjar Anjar 
75 NRCG 03037 A Bhuj Anjar Rafnala 
76 NRCG 04005 A Anand Umreth Vansal 
77 NRCG 04010 A Anand AAU AAU 
78 NRCG 05005 A Bhavnagar Mahuva Rampara 
79 NRCG 05010 A Bhavnagar Talaja Panaspipa 
80 NRCG 05011 A Bhavnagar Talaja PanchPipala 
81 NRCG 05016 A Bhavnagar Talaja Velavadar 
82 NRCG 05017 A Bhavnagar Talaja Gorki 
83 NRCG 05018 A Bhavnagar Talaja Alang 
84 NRCG 05019 A Bhavnagar Talaja Devi 
85 NRCG 05020 A Bhavnagar Talaja Talaja 
86 NRCG 05021 A Bhavnagar Talaja Talaja 
87 NRCG 05022 A Bhavnagar Talaja Pavadi 
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88 NRCG 05023 A Bhavnagar Talaja Phulsar 
89 NRCG 05024 A Bhavnagar Uanchadi Sartanpur 
90 NRCG 05025 A Bhavnagar Mahuva Malvav 
91 NRCG 05026 A Bhavnagar Mahuva Vaghanagar 
92 NRCG 05027 A Bhavnagar Mahuva Mahuva 
93 NRCG 05028 A Bhavnagar Mahuva Mahuva 
94 NRCG 05029 A Bhavnagar Mahuva Motajadra 
95 NRCG 05030 A Bhavnagar Mahuva Bhadrod 
96 NRCG 05031 A Bhavnagar Mahuva Konjali 
97 NRCG 05032 A Bhavnagar Mahuva Bordi 
98 NRCG 05033 A Bhavnagar Mahuva Khuntwada 
99 NRCG 05034 A Bhavnagar Mahuva Trapaj 
100 NRCG 05035 A Bhavnagar Talaja Pavdi 
101 NRCG 05036 A Bhavnagar Talaja Phulsar 
102 NRCG 06001 A SK Nagar Talod Talod 
103 NRCG 06002 A SK Nagar Talod Talod 
104 NRCG 06003 A SK Nagar Talod Talod 
105 NRCG 06004 A SK Nagar Talod Talod 
106 NRCG 06006 A SK Nagar Talod Talod 
107 NRCG 06007 A SK Nagar Talod Talod 
108 NRCG 06008 A SK Nagar Talod Talod 
109 NRCG 06009 A SK Nagar Talod Talod 
110 NRCG 06011 A SK Nagar Talod Talod 
111 NRCG 06012 A SK Nagar Talod Talod 
112 NRCG 06013 A SK Nagar Talod Talod 
113 NRCG 06015 A SK Nagar Talod Talod 
114 NRCG 06016 A SK Nagar Talod Talod 
115 NRCG 06018 A SK Nagar Talod Talod 
116 NRCG 06019 A SK Nagar Talod Talod 
117 NRCG 06020 A SK Nagar Prantij Vagarota 
118 NRCG 06021 A SK Nagar Prantij Rampur 
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119 NRCG 07001 A Jamnagar JamJodhpur SSJamJodhpur 
120 NRCG 07002 A Jamnagar Kalavad Khanchera 
121 NRCG 07004 A Jamnagar Lalpur Gop 
122 NRCG 08001 A Surendranagar Surendranagar Surendranagar 
123 NRCG 08002 A Surendranagar Surendranagar Surendranagar 
124 NRCG 08003 A Surendranagar Surendranagar Kheroli 
125 NRCG 08004 A Surendranagar Surendranagar Kheroli 
126 NRCG 08005 A Surendranagar Muli Muli 
127 NRCG 08006 A Surendranagar Muli Muli 
128 NRCG 08007 A Surendranagar Sayala Loriya 
129 NRCG 08008 A Surendranagar Sayala Sayala 
130 NRCG 08009 A Surendranagar Chuda Chokadi 
131 NRCG 08010 A Surendranagar Chuda Chokadi 
132 NRCG 08011 A Surendranagar Chuda Chuda 
133 NRCG 08012 A Surendranagar Limadi Limadi 
134 NRCG 08013 A Surendranagar Lakhatar Lakhatar 
135 NRCG 08014 A Surendranagar Lakhatar Lakhatar 
136 NRCG 08015 A Surendranagar Lakhatar Balaroad 
137 NRCG 08016 A Surendranagar Vadhavan Vadhavan 
138 NRCG 08017 A Surendranagar Surendranagar Surendranagar 
139 NRCG 08018 A Surendranagar Vadhavan Vadhavan 
140 NRCG 08019 A Surendranagar Lakhatar Lakhatar 
141 NRCG 08020 A Surendranagar Surendranagar Than 
142 NRCG 08021 A Surendranagar Lakhatar Tavi 
143 NRCG 08022 A Surendranagar Muli Muli 
144 NRCG 09001 A Rajkot Dhoraji Dhoraji 
145 NRCG 09002 A Rajkot Upleta Upleta 
146 NRCG 09005 A Rajkot Lodhika Paldi 
147 NRCG 10001 A Porbandar Keshod Manekvad 
148 NRCG 10002 A Porbandar Keshod Gadu 
149 NRCG 10003 A Porbandar Maliya Korsa 
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150 NRCG 10004 A Porbandar Veraval Veraval 
151 NRCG 10005 A Porbandar Veraval Somnath 
152 NRCG 10006 A Porbandar Veraval Virodar 
153 NRCG 10007 A Porbandar Kodinar Kodinar 
154 NRCG 10008 A Porbandar Porbandar Porbandar 
155 NRCG 10009 A Porbandar Madhavpur Ratiya 
156 NRCG 01003 B Junagadh Junagadh Market Yard 
157 NRCG 01007 B Junagadh Manavadar Vedava 
158 NRCG 01028 B Junagadh Veraval Ajotha 
159 NRCG 01037 B Junagadh Mangrol Loaj 
160 NRCG 01044 B Junagadh Talala Talala 
161 NRCG 01054 B Junagadh Talala Jepur 
162 NRCG 02019 B Amreli Dhari Trambakpur 
163 NRCG 02025 B Amreli Rajula Rampara 
164 NRCG 02028 B Amreli Rajula Rampara 
165 NRCG 02041 B Amreli Amreli Morjar 
166 NRCG 03003 B Bhuj Nakhatrana Vadla 
167 NRCG 03015 B Bhuj Azmer Senagra 
168 NRCG 03019 B Bhuj Anjar Patya 
169 NRCG 03020 B Bhuj Anjar Patya 
170 NRCG 03025 B Bhuj Bhuj Deshalpur 
171 NRCG 03034 B Bhuj Nakhatrana Nakhatrana 
172 NRCG 06005 B SK Nagar Talod Talod 
173 NRCG 06010 B SK Nagar Talod Talod 
174 NRCG 06014 B SK Nagar Talod Talod 
175 NRCG 06017 B SK Nagar Talod Talod 
176 NRCG 01042 G Junagadh Talala Jepur 
177 NRCG 02026 G Amreli Talala Jepur 
178 NRCG 02027 G Amreli Talala Jepur 
179 NRCG 02033 G Amreli Amreli Gavadaka 
180 NRCG 02036 G Amreli Amreli Gavadaka 
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181 NRCG 02042 G Amreli Rajula Kotadi 
182 NRCG 02043 G Amreli Vadiya Rampar 
183 NRCG 03033 G Bhuj Bhuj Bhuj 
184 NRCG 03035 G Bhuj Mandavi Kharod 
185 NRCG 03036 G Bhuj Anjar Adipur 
186 NRCG 07003 G Jamnagar Jamnagar Jamnagar 
187 NRCG 09004 G Rajkot Gondal Jamvadi 
 
3.8 Morphological studies 
In order to carry out morphological studies, from the slant cultures few spores 
of Aspergillus flavus isolate were placed in the center of a petri-plate containing PDA 
and incubated for four days at 28± 2 oC. These plates were used as initial inoculum. 
3.8.1 Radial growth and colony color 
Petri-plates containing PDA were seeded with 4 mm diameter plugs of 
inoculum cut from the periphery of the working culture plates of 187 isolates of 
Aspergillus flavus as described above. For each isolate, three replications were 
maintained. The plates were incubated at 28± 2 oC. The growth was measured 4 days 
after inoculation and radial growth of the fungal colony was recorded in millimeter in 
two directions at right angles and working out the average. Simultaneously, visual 
scoring of the colony color was done with the help of Methuen color book (Kornerup 
and Wanscher, 1978). 
3.9 Aflatoxin Detection 
 Several qualitative and quantitative methods of aflatoxin detection have been 
used. In this study we have used two different methods of aflatoxin detection viz., 
Ammonia vapor test (qualitative test) and Indirect – competitive ELISA (quantitative 
test). 
3.9.1 Ammonia vapor test 
Ammonia vapor test was followed using the protocol Saito and Machida 
(1999). Each isolate was inoculated at the center of solidified potato dextrose agar 
medium (PDA) in 9 cm. glass petri-plates and incubated at 28± 2 oC. To observe the 
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color change of colony reverse after incubation, plates were placed upside down and a 
drop (0.2 ml) of 25% ammonia solution was put into the lid of the petri-plate. 
Immediately after the ammonia solution was put into petri-plate, the colony reverse of 
aflatoxin producing strains of Aspergillus flavus turned to pink. No change of color 
was observed with plates of non-aflatoxin producing strains of A. flavus. The color 
change was restricted to the colony reverse. The surrounding agar did not show any 
color change. 
 
3.9.2 Indirect Competitive - Enzyme Linked Immuno sorbent Assay (ELISA) 
 
3.9.2.1 ELISA Reagents 
Carbonate buffer (coating buffer) 
Na2CO3  : 1.59 g 
NaHCO3  : 2.93 g 
Distiller Water : 1.0 l 
pH of buffer should be 9.6 (no need to adjust) 
Phosphate buffer (PBS) 
Na2HPO4  : 2.38 g 
KH2PO4  : 0.4 g 
KCl   : 0.4 g 
NaCl   : 16.0 g 
Distilled Water : 2.0 l 
Phosphate-buffered saline with Tween (PBS-Tween)  
PBS   : 1 l 
Tween-20  : 0.5 ml 
Albumin bovine serum (Sigma A 6793) 
200 mg BSA was added in 100 ml PBS-Tween 
Substrate buffer for alkaline phosphate system 
10% diethanolamine (v/v) was prepared with distilled water. The pH was 
adjusted to 9.8 with concentrate HCl. This solution was stored at 4 oC but the 
pH was adjusted every time to 9.8 prior to use. PNPP was prepared in the 
concentration of 0.5 mg ml-1 with 10% diethanolamine. 
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3.9.2.2 ELISA Method (Indirect Competitive) 
 In the case of indirect competitive ELISA, AFB1-BSA is adsorbed to 
the plate surface. Competition takes place between enzyme-labeled or 
unlabelled antibody with the toxin present in the sample or in the standard. 
 AFB1-BSA conjugate was prepared in carbonate coating buffer at 100 
ng ml-1 concentration and 150 µl of the diluted AFB1-BSA was dispensed to 
each well of ELISA plate. The plate was incubated in a refrigerator for 
overnight or at 37 oC for one hr. After incubation the toxin was collected and 
stored in a large glass bottle and later disposed.  The plates were washed with 
three changes of PBS-Tween, allowing 3 min for each wash. 0.2% BSA was 
prepared in PBS-Tween and 200 µl was added in each well of ELISA plate 
and incubated at 37 oC for 1 hr. A suitable dilution of antiserum was prepared 
in a tube. Antiserum was diluted in PBS-Tween containing 0.2% BSA and 
incubated for 45 min at 37 oC. After proper blocking the blocked plates were 
washed in three changes of PBS-Tween, allowing 3 min for each wash.  
 
Preparation of Aflatoxin B1 standard: As negative control extract of 
healthy seeds of cv J11 was used. In order to prepare positive control of 
Aflatoxin B1, the aflatoxin B1 standard was diluted using 1:10 dilution with 
groundnut extract at concentrations ranging from 100 ng to 10 pg in 100 µl 
volume. 50 µl of antiserum was added to each of the dilution of aflatoxin 
standards (100 µl) and groundnut seed extract (100 µl) intended for analysis. 
The plate was incubated containing the mixture of aflatoxin samples (100 µl) 
and antiserum (50 µl) for 1 hr at 37 oC to facilitate reaction between the toxin 
present in the sample with antibody. Entire process was done in the ELISA 
plate. The plate was washed in three changes of PBS-Tween allowing 3 min 
for each wash. Goat anti-rabbit IgG, labeled with alkaline phosphatase (ALP) 
was diluted 1:1000 times with PBS-Tween containing 0.2% BSA. 150 µl 
diluted goat anti-rabbit IgG was added to each well and incubated for 1 hr at 
37 oC. The plate was washed in three changes of PBS-Tween allowing 3 min 
for each wash. Now 150 µl substrate solution (p-nitrophenyl phosphate 
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prepared in 10% diethanolamine buffer, pH 9.8) was added in each well and 
incubated for 1 hr at room temperature or for shorter intervals depending on 
the development of yellow color (in wells where low aflatoxin concentration 
were used for competition). The absorbance was measured at 405 nm in an 
automatic ELISA reader. A curve was drawn using the values obtained for 
aflatoxin B1 standards, with the help of a computer, taking aflatoxin 
concentrations on the “X” axis and optical density values on the “Y” axis. 
 
CALCULATIONS: 
  AFB1 (µg kg-1) :  AxDxE or AxE 
            G   CxG 
A = AFB1 concentration in diluted or concentrated sample extract (ng ml-1) 
D = Times dilution with buffer 
C = Times concentration after cleanup 
E = Extraction solvent volume used (ml) 
G = Sample weight (g) 
 
3.10 DNA Isolation 
 
3.10.1 Fungal strains and Mycelial Collection: 
Fungal cultures for genomic DNA isolation were grown on potato dextrose 
agar slant cultures. Conidia were harvested from 7- days old slant cultures 
growing at 28 oC and inoculated into 50 ml Yeast extract-Peptone-Dextrose 
broth in 250 ml flask and then incubated at 25 oC for 48 to 72 hr with shaking 
at 150 rpm. After proper growth the mycelial suspension was filtered through a 
Buchner funnel with sterile Whatman no. 1 filter paper. Mycelia were rinsed 
twice with distilled water and were transferred to a 50 ml centrifuged tube 
followed by frozen at -80 oC. 
 
3.10.2 Preparation of Fungal Genomic DNA 
 
3.10.2.1 Genomic DNA Isolation 
Fungal genomic DNA was isolated following a modified protocol of Lee et al., 
(2004). 
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1. Approximately 20 mg of frozen mycelial mats were ground with a mortar and 
pestle to fine powder in liquid nitrogen.  
2. Immediately the fine powder was added in pre-heated 600 µl of 
extraction buffer (100 mM Tris-HCl, pH 8.0, 100 mM NaCl, 20 mM 
EDTA and 2% SDS) and incubated at 65 oC for 1 hr with occasional 
shaking. 
3. The tubes were centrifuged at 15000 rpm for 20 min at 15 oC. 
4. The supernatant was transferred in a fresh tube and equal volume of 
Phenol:Chlorophorm:Isoamyl alcohol (25:24:1) was added followed by 
inversion for 5 min. 
5. The tubes were centrifuged at 15000 rpm for 10 min at 15 oC. 
6. The supernatant was transferred in a fresh tube and equal volume of 
Chloroform:Isoamyl alcohol (24:1) was added and inverted for 5 min. 
7. The tubes were centrifuged at 15000 rpm for 10 min at 15 oC. 
8. The supernatant was transferred in a fresh tube and 3-4 volumes of 
chilled ethanol was added. 
9. The tubes were incubated at -20 oC for 1 hr in order to precipitate the 
DNA. 
10.  The tubes were centrifuged at 8000 rpm for 10 min at 5 oC. 
11.  The supernatant was decanned and the pellet was dried. 
12.  Dried pellets were dissolved in 100 µl TE Buffer pH 8.0 and incubated 
at ambient temperature for over night. 
13.  50 µl RNAse was added from the stock (10 mg/50 ml) in 100 µl 
dissolved DNA. 
14.  The tubes were incubated at 37 oC for 1 hr to activate RNAse. 
15.  In order to deactivate RNAse, the tubes were incubated at 60 oC for 1 hr. 
16.  The tubes were incubated at room temperature for 10 min to cool up to 
ambient temperature. 
17.  Equal volume of Chlorophorm:Isoamyl alcohol (24:1) was added and 
centrifuged at 15000 rpm for 10 min at 15 oC. 
18.  The supernatant was transferred in a fresh tube and 3-4 volumes of 
chilled ethanol was added and incubated at -20 oC for 1 hr to precipitate 
the DNA. 
19.  Pellets were formed by centrifugation at 8000 rpm for 10 min. 
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20.  Supernatant was decanned and pellets were dried. 
21.  DNA pellets were dissolved in 100  µl TE buffer (pH 8.0). 
3.10.2.2 DNA Quantification  
DNA was quantified spectrophotometrically using Nano Drop spectrophotometer, 
model number ND 1000, Nano Drop Technologies, Inc. Wilmington, DE, USA. 
Blank was prepared with TE buffer (pH 8.0). DNA quantification and estimation 
of DNA concentration was automatically done by pre-installed software. DNA 
quality was judged on the basis of ratio of the OD value at 260 and 280 nm. The 
260/280 ratio was approximately 1.8 indicated the best quality of DNA. The 
integrity of each DNA sample was also examined with 1.5 % agarose gel. 
 
3.10.2.3 Agarose Gel Electrophoresis 
 The solutions used in agarose gel electrophoresis were prepared from molecular 
grade chemicals as described below and preserved in the refrigerator. 1.5% and 
2.5% agarose gels were prepared in 1X TAE buffer. Agarose gels were prepared 
by adding agarose powder (ultra pure, GibcoBRL) in 1X TAE buffer and boiled 
for 5 min in a microwave oven. The boiled solution was allowed to cool 
approximately 60 oC and 5 µl/10 ml of ethidium bromide was added from the 
stock (1 mg ml-1) and mixed gently. The solution was poured in loading chamber 
of horizontal submarine electrophoresis unit and the teflon comb was inserted 
before polymerization. Polymerization took place with in 10-15 minutes, 
thereafter the comb was removed and wells were prepared. The gel was 
submerged in 1X TAE buffer. 
Loading dye was mixed with PCR product and 10 µl of the sample was loaded to 
each well using a fine micropipette. In each gel 50 bp DNA ladder (Fermentas) 
was loaded to judge the size of amplified fragment. Electrophoresis was carried 
out in the horizontal submarine electrophoresis system supplied by Tarsons 
Products Pvt. Ltd., Kolkata, India. A constant power supply of 80V for 20 
minutes was given using PowerPac HV Power supply, Bio-Rad, USA. Once the 
bromophenol blue stain reached more than two-third the gel was viewed under a 
UV trans-illuminator for visualizing the actual band positions of the amplified 
DNA and documented in automated gel documentation scanner, Chemi Imager 
ready supplied by Alpha Innotech Corporation, USA.  
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1.5 % Agarose gel: 1.5 g Agarose in 100 ml 1X TAE 
2.5 % Agarose gel: 2.5 g Agarose in 100 ml 1X TAE 
50 X TAE:  121 g Tris Base 
 28.55 ml Glacial acetic acid 
 50 ml 0.5 M EDTA (pH 8.0) 
 Volume up to 1 liter with deionized water 
6X Loading dye: 10 mM Tris ( ph-7.6 ) 
                               0.03% Bromophenol blue 
                               0.03% Xylene Cyanol FF 
                               60% Glycerol 60 mM EDTA 
 
3.10.3 Internally Transcribed Spacer (ITS) 
 The ITS regions are located between the 18S and 28S rRNA genes and it is highly 
sensitive for molecular typing due to its existence of approximately 100 copies 
per genome. The rRNA gene for 5.8S RNA separates the two ITS regions. The 
schematic representation of ITS regions, 5.8S rRNA gene region and expected 
fragment size after PCR amplification with forward and reverse primers is given 
in Fig. 10. 
 
 
 
 
 
 
 
Figure 10: Schematic representation of ITS regions, 5.8S rRNA gene region and 
expected fragment size after PCR amplification with forward and reverse 
primers. 
ITS I 
Spacer 
Region 
ITS II 
Spacer 
Region 
18 S rRNA 5.8 S rRNA 28 S rRNA 
FP  
RP 
FP  
RP 
~200  bp ~350  bp 
~600  bp 
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3.10.3.1 ITS Primers  
Four oligonucleotide  primers described by White et al. (1990) were used 
for amplification (Table 5). Primers were synthesized by the Integrated DNA 
technologies, Inc., Coralville, IA, USA. ITS region primers ITS 1 (Forward 
Primer) and ITS 4 (Reverse Primer) made use of conserved regions of the 18S 
rRNA gene and the 28S rRNA gene to amplify the intervening 5.8S gene and the 
ITS 1 and ITS 2 non-coding regions. In the similar fashion ITS 1 (Forward 
Primer) and ITS 2 (Reverse Primer) were used to amplify ITS I region only, 
which lies between 18S rRNA and 5.8S rRNA. ITS 3 (Forward Primer) and ITS 4 
(Reverse Primer) were also used to amplify ITS II region only, which lies 
between 5.8S rRNA and 28S rRNA. 
 
Table 5: Details of ITS primers used 
Sl. 
No. 
Primer 
name 
 Primer Sequence 
1 ITS 1 5’ TCC GTA GGT GAA CCT GCG G 3’ 
2 ITS 2 5’ GCT GCG TTC TTC ATC GAT GC 
3’ 
3 ITS 3 5’ GCA TCG ATG AAG AAC GCA GC 
3’ 
4 ITS 4 5’ TCC TCC GCT TAT TGA TAT GC 
3’ 
 
3.10.3.2 PCR amplification  
PCR reactions were performed in 25 µl volumes containing 50 ng of 
template DNA, 200 µM each of dNTPs, 20 pM each of ITS primers and 1.5 units 
of Taq DNA polymerase in thermocycler ATC 401 procured from Apollo 
Instrumentation, USA. The template DNA was amplified using the following 
reaction cycles:  
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Initial Denaturation : 94 oC for 2 min. 
Denaturation  : 94 oC for 1 min. 
Annealing  : 57 oC for 1 min. 44 Cycles  
Extension   : 72 oC for 2 min.             
Final Extension  : 72 oC for 15 min. 
Hold   : 4 oC 
 
3.10.3.4 Agarose Gel Electrophoresis 
Amplified fragments were resolved on 2.5% agarose gel. Agarose gel 
electrophoresis was performed at constant power supply of 80V for 20 min and 
gel was viewed under a UV trans-illuminator and documented in automated gel 
scanner. 
 
3.10.4 Single Strand Conformation Polymorphism (SSCP) Analysis 
SSCP analysis is generally considered to be most suitable for the detection 
of mutations in short stretches of DNA. 
 
3.10.4.1 Sample preparation: 
1. 2.5 µl of sample (about 10% (2.5 µl) of the total amplified DNA) was taken 
into separate tubes and added an equal volume of 2X SSCP gel loading dye 
(0.05% bromophenol blue, 0.05% xylene cyanol, 95% formamide, 20 mM 
EDTA) and was then loaded in a well. 
2. Prior to loading, the samples were denatured at 95 oC for 5 min and then 
placed on ice. 
 
3.10.4.2 Polyacrylamide Gel Electrophoresis 
Electrophoresis was carried out on a Seque Genei Vertical Sequencing Apparatus 
(Bangalore genei, Bangalore, India), with 30 x 21 cm plates and 0.4 mm 
spacers. 
 
1. 6% polyacrylamide gel (38:2 acrylamide to bisacrylamide) was prepared with 
glycerol. 
40% Acrylamide/Bis stock solution  : 7.5 ml  
50% Glycerol     : 6.0 ml 
 78
10x TBE (pH 8.25)   : 5.0 ml 
Distilled water up to    :  50 ml  
2. The acrylamide solution was de-gassed under vacuum until bubbles no longer 
appear (5-10 min). 
3. Freshly prepared 500 µl 10% ammonium persulfate and 30 µl TEMED was 
added to the acrylamide solution and mixed by gentle swirling. 
4. The gel was casted and left to polymerize for about 20-30 min. 
5. The comb was removed and the sample wells were washed with 1X TBE 
buffer to remove the unpolymerised polyacrylamide. 
6. The gel was run in 1X TBE buffer at room temperature and at 25 watt for 
about 2 hr.  
 
3.10.4.3 Staining SSCP gel with Ethidium Bromide and detection using 
Fluorescent Gel Scanner 
1. Two plates were separated leaving the gel attached to the glass plate where 
bind solution was applied. 
2. The gel (along with glass plate) was placed into a staining tray and washed 
with distilled water at least thrice. 
3. Again the gel was placed into staining tray containing ethidium bromide 
solution at a concentration of 0.5 µg ml-1 and incubated for 5 min. 
4. The gel was washed with distilled water. 
5. Excess water was wiped from the glass plate. 
6. The gel was placed on a fluorescent type gel scanner (FLA-5100, Fujifilm, 
Japan). 
7. The gel was scanned at 400 V and at 532 nm wavelength under LPG 
photographic filter.  
 
3.10.5 AFLP Reactions 
The AFLP procedure was performed using the AFLP Analysis system for 
Microorganisms and AFLP Microorganism Primer Kit, following the protocol 
described by Vos et al. (1995) and the user manual (Cat. No. 11352-010 and 
11353-018) supplied by Invitrogen Inc. Carlsbad, CA, USA. The AFLP procedure 
involves following four major steps (Fig 11). 
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Figure 11: Example of the AFLP procedure using one possible primer pair.  
3.10.5.1 Restriction digestion of DNA 
 In order to prepare an AFLP template, genomic DNA was digested with two 
restriction endonucleases EcoR I and Mse I simultaneously. This step generated 
the required substrate for ligation and subsequent amplification. The 
endonuclease EcoR I has 6 base pairs recognition sites and endonuclease Mse I 
has a 4 base pairs recognition sites. Small DNA fragments which were cut by Eco 
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RI at one end and Mse I on the other end were generated. These could amplify 
well in the optimal size range (<1kb) for separation on denaturing polyacrylamide 
gel. Due to primer design and amplification strategy, these enzyme fragments 
were preferentially amplified using following components listed in the Table 6.  
 
Table 6: Components for Restriction Cycle of AFLP.  
Reagent Quantity  (µl) 
5x reaction buffer  5      
Genomic DNA (500ng) 10      
EcoR I / Mse I  2      
Distilled water   8       
Total volume 25    
 
 The reaction was gently mixed and collected by brief centrifugation. The 
mixture was incubated for 2 hr at 37 oC. To inactivate the restriction endonuclease 
the mixture was incubated for 15 minutes at 70 oC. Then the tubes were placed on 
ice and contents were collected by brief centrifugation.   
 
3.10.5.2 Ligation of Adaptors 
 The genomic fragments were ligated to EcoR I and Mse I adapters to generate 
template DNA for pre-amplification. These common adapters sequence flanking 
the fragments served as primer binding sites on these restriction fragments. Using 
this strategy many DNA fragments could be amplified without having prior 
knowledge of sequence. The ligation reaction was set up as in Table 7.  
 
Table 7: Components for Ligation of Adapters  
Reagents Quantity  (µl) 
Adapter ligation solution 12    
Restricted products (digested DNA) 12.5  
T4 DNA ligase 0.5    
Total volume 25    
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The components were mixed gently at room temperature, centrifuged briefly to 
collect contents and incubated at 20± 1 oC for 2 hours. After ligation, the products 
were diluted in the ratio of 1:1 by adding equal quantity of TE buffer (pH 8.5). 
 
3.10.5.3. Pre-amplification of the ligated DNA 
 PCR was performed in two consecutive reactions. In the first reaction, pre-
amplification, genomic DNAs were amplified with AFLP primers having no 
selective nucleotides (primers E+0, M+0). The PCR products of the pre-
amplification reaction are diluted and used as template for the selective 
amplification using two AFLP primers containing either zero, one or two selective 
nucleotides. The pre-amplification step was optional, but using this with the 
selective amplification resulted in consistently cleaner and more reproducible 
fingerprints with the added benefit of generating enough template DNA for 
thousands of AFLP reactions with stronger signal upon detection. The most 
important factor in determining the number of restriction fragments amplified in a 
single AFLP reaction was the number of selective nucleotides in the selective 
primers. The selective primers in the AFLP Microorganism Primer kit (Cat. No. 
11353-018) contained one or two selective nucleotides and in the AFLP Starter 
Primer Kit (Cat. No. 10483-014). For the pre amplification reaction following 
components listed in the Table 8 were mixed in a 0.5 ml PCR tube. 
 
Table 8: Components of Pre-amplification. 
Reagents Quantity  (µl) 
Diluted template DNA (Ligated product) 2.5 µl 
Pre amplification primer mix. 20  µl 
10X PCR buffer plus Mg 2.5 µl 
Taq DNA polymerase (5 U/µl) 0.5 µl 
Total volume 25.5 µl 
 
The components were mixed gently and centrifuged briefly to collect reaction.  
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20 cycles of PCR was performed as per following PCR conditions using Apollo 
thermo cycler (Model No. ATC 401). 
94 oC for 30 sec. 
56 oC for 60 sec.  20 Cycles 
72 oC for 60 sec. 
The pre-amplified product was diluted with TE buffer (pH 8.5) in the ratio of 1:5 to 
a 1.5 ml micro centrifuge tube.  It was stored at -20 oC and used as a template for 
selective amplification.    
 
3.10.5.4. Selective amplification of pre-amplified product 
 The diluted PCR products of the pre-amplification   reaction were used as a 
template for selective amplification using thirty combinations of Eco R1/Mse 1 
AFLP primers (Table 9). First two solutions MIX-1and MIX-2 were prepared for 
selective amplification by adding following components listed in Table 10 and 11 
and the selective amplification was performed by adding MIX 1 and MIX 2 in the 
proportion given in Table 12. 
The selective amplification cycle profile was programmed according to touch down 
PCR as follows using Apollo thermo cycler (Model No. ATC 401): 
94 oC for 60 sec. 
65 oC for 60 sec.  One Cycle 
72 oC for 90 sec. 
 The annealing temperature was lowered of each cycle by 1 oC during 10 cycles. 
This gave a touch down phase of 10 cycles and at the end of 10th cycle the 
annealing temperature was lowered to 56 oC. After touch down following PCR 
conditions were set: 
94 oC for 30 sec. 
56 oC for 30 sec.  23 Cycles 
72 oC for 60 sec. 
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Table 9: Primers of selective amplification. 
Sl. No. AFLP Primer Combination 
1 Eco RI -AA / Mse I -O 
2 Eco RI -AA / Mse I -A 
3 Eco RI -AA / Mse I -C 
4 Eco RI -AA / Mse I -G 
5 Eco RI -AA / Mse I -T 
6 Eco RI -AC / Mse I -O 
7 Eco RI -AC / Mse I -A 
8 Eco RI -AC / Mse I -C 
9 Eco RI -AC / Mse I -G 
10 Eco RI -AC / Mse I -T 
11 Eco RI -AA / Mse I -CAG 
12 Eco RI -AA / Mse I -CAC 
13 Eco RI -AA / Mse I -CAT 
14 Eco RI -AA / Mse I -CTT 
15 Eco RI -AC / Mse I -CAG 
16 Eco RI -AC / Mse I -CAC 
17 Eco RI -AC / Mse I -CAT 
18 Eco RI -AC / Mse I -CTT 
19 Eco RI -A / Mse I -CAG 
20 Eco RI -A / Mse I -CAC 
21 Eco RI -A / Mse I -CAT 
22 Eco RI -A / Mse I -CTT 
23 Eco RI -C / Mse I -CAG 
24 Eco RI -C / Mse I -CAC 
25 Eco RI -C / Mse I -CAT 
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26 Eco RI -C / Mse I -CTT 
27 Eco RI -G / Mse I -CAG 
28 Eco RI -G / Mse I -CAC 
29 Eco RI -G / Mse I -CAT 
30 Eco RI -G / Mse I -CTT 
 
Table 10: MIX–1 Components of selective amplification 
Reagent Quantity  (µl) 
EcoR I Primer 5 µl 
Mse I Primer 45µl 
Total volume 50 µl 
 
Table 11: MIX–2 Components of selective amplification. 
Reagent  Quantity (µl) 
Distilled water 79 µl 
10X PCR buffer plus Mg  20 µl 
Taq DNA polymerase (5U/µl) 1   µl 
Total volume 100 µl 
 
 
 
 Table 12: Final components for selective amplification. 
Reagent Quantity  (µl) 
Diluted template DNA 5 µl 
MIX 1 5  µl 
MIX 2 10 µl 
Total volume 20 µl 
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3.10.5.5 Polyacrylamide Gel Electrophoresis (PAGE)  
 Selectively amplified products were run on 5% denaturing polyacrylamide gel 
to separate the amplified fragments of AFLP. 0.4 mm thick sequencing gel was 
prepared in 21 x 30 cm glass plates. 
3.10.5.5.1 Gel cassette preparation  
 The glass plates to be used for the purpose of PAGE were soaked in conc. 
NaOH for overnight and rinsed for several times with distilled water. The glass 
plates were further wiped with ethanol. The bind silane solution (Pharmacia 
Biotech) and repel silane solution (Pharmacia Biotech) were smeared on the 
square and the notched plates, respectively as a thin film. The excess bind 
silane on the square plate was thoroughly wiped off by alcohol and excess 
repel silane on the notched plate was wiped off slightly with tissue paper. 0.4 
mm spacers were placed at both the edges between the plates and cellophane 
tapes were applied to keep the plates intact. The plates were clamped with 
metallic clips and fixed in the sequencing gel vertical electrophoresis 
apparatus.  
3.10.5.5.2 PAGE Gel Preparation (Urea-PAGE)  
1. 5% polyacrylamide gel (38:2 acrylamide to bisacrylamide) was prepared 
with urea as a denaturing agent. 
40% Acrylamide/Bis stock solution  : 6.25 ml  
Urea      : 2.3 g 
10X TBE (pH 8.25)   : 5.0 ml 
Distilled water up to    :  50 ml  
2. The acrylamide solution was de-gassed under vacuum until bubbles no 
longer appear (5-10 min). 
3. Freshly prepared 500 µl 10% ammonium persulfate and 30 µl TEMED 
was added to the acrylamide solution and mixed by gentle swirling. 
4. The gel was filled up from upper side between two plates with the help of 
50 ml syringe and a comb was inserted with plain surface to make space for 
wells then left to polymerize for about 20-30 min. 
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5. After polymerization the comb was removed and the space was washed for 
wells with 1X TBE buffer to remove the unpolymerised polyacrylamide. 
  
3.10.5.5.3 Gel loading and running 
1. The upper and lower chambers of sequencing gel vertical electrophoresis unit 
were filled up with 1X TBE in such a way so that the gel may be submerged in 
the buffer. 
2. The gel was pre run at room temperature with a constant power supply of 25 
watt for about 15 min. 
3. In order to prepare wells 0.4 mm shark tooth comb made up of teflon material 
was inserted with its tooth slightly penetrating to the gel.  
4. Before run the selectively amplified products were denatured by heating at 90 
oC for 3 min and immediately chilled on ice.  
5. The samples were mixed with 6X loading dye (Fermentas), which contain 
Bromophenol blue and Xylene Cyanol FF for tracking the movement of DNA 
under electrophoretic run.  
6. 5.0 µl of samples (with 6X loading dye) were loaded into the wells.  
7. 2.5 µl of 50 bp DNA ladder (Fermentas) in the range of 50 to 1000 bp was also 
loaded in one of the well to determine the size of resolved fragments. 
8. The gel was run at a constant power supply of 25 watts with PowerPac HV 
supply unit (Bio-rad) until the tracking dye reached up to one-third.  
 
3.10.5.5.4 Silver staining of polyacrylamide gel 
 The gel was visualized by silver staining, standardized at Biotechnology 
laboratory, National Research Center for Groundnut, Junagadh, Gujarat 
Radhakrishnan et al. 2002.  
1. The gel plates were carefully separated in such a way so that the gel was intact 
on the square plate.  
2. The gel was washed thrice in distilled water for 5 min. 
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3. Gel was fixed into 10% acetic acid (60 ml glacial acetic acid dissolved in 540 
ml distilled water) solution for 30 min. 
4. Again the gel was removed from fixer and washed thrice with distilled water 
with continuous shaking. 
5. The gel was incubated in 0.1% CTAB solution (600 mg CTAB dissolved in 
600 ml distilled water) for 30 min with continuous shaking. 
6. CTAB solution was discarded and 1.3% ammonia solution (7.8 ml ammonia 
dissolved in 592.2 ml distilled water) was poured to the gel followed by 
incubation for 15 min. with continuous shaking. 
7. Ammonia solution was discarded and silver-staining solution (600 mg AgNO3 
dissolved in 600 ml distilled water and added 3 ml 1N NaOH, then added 
ammonia solution drop by drop till disappearance of color) was poured to the 
gel followed by incubation for 20 min. with continuous shaking. 
8. Developer solution was prepared by adding 18g Na2CO3 in distilled water and 
kept it into freeze for ice cold. Just before pouring onto gel, 1 ml 37% 
formaldehyde solution and 100 µl sodium thiosulphate (10 mg/200 ml distilled 
water) was added in developer solution. Developer solution was poured on the 
gel. 
9. After optimum staining of amplified fragments, the gel was taken out and 
rinsed with distilled water followed by keeping in fixer solution (10 % glacial 
acetic acid) to stop further staining.  
10. After staining the gel was scanned and documented using UMax Mirage II gel 
scanner (Type - H5K0).  
 
3.10.5.5.5 Gel Analysis. 
 After digitizing the gel pictures it was scored and analyzed using the software 
Gel Compare II (Applied Maths, Kortrijk, Belgium). The band positions were 
optimized and manually verified for correctness before analysis. Analysis of 
polymorphism and similarity matrix was based on Jaccard similarity coefficient 
(fuzzy logic). The dendrogram and similarity matrixes were generated to draw 
conclusion. 
 
  
 4. RESULTS AND DISCUSSION 
 
4.1 Morphological Characterization 
4.1.1 Characterization of isolates of Aspergillus flavus on the basis of their colony 
color, growth and sclerotial production 
All 187 isolates of Aspergillus flavus maintained were characterized for 
growth and growth related traits such as colony color, colony radius and sclerotial 
production. Colony radius was measured in millimeter (mm) after 4 days of 
inoculation and the colony color of isolates determined using Methuen color book 
(Kornerup and Wanscher, 1978); and categorized as summarized in the table 13.  
 
 
Figure 12: Colony color of different groups of Aspergillus spp. 
Front view Group G 
Front view Reverse view Group B 
Front view Reverse view Group A 
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Table 13: Characteristics of different groups of Aspergillus spp.  
 
Group Reference 
Isolate 
Colony Character Growth Characteristics Aspergillus 
spp. 
identified 
Front Reverse Growth habit Sporulation 
A NRCG 01018 Parrot green Light 
greenish 
yellow 
Surface 
mycelium scanty, 
fast growing 
Profuse 
A. flavus 
B NRCG 03004 White fluffy 
with yellow 
sporulation 
Light 
lemon 
yellow 
Fast growing 
with cottony 
white fluffy 
mycelium 
Moderate 
sporulation 
A. flavus 
G NRCG 02026 Olive green Light 
greenish 
yellow 
Surface 
mycelium 
scanty/ fast 
growing 
Profuse A. flavus 
The isolates were categorized for sclerotial production as well as sclerotial number and size and the results are 
presented in Table 14. 
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Table 14: Colony characteristics and sclerotial production in Aspergillus flavus isolates isolated from soil samples 
Sl. 
no. 
Accession no District Taluka Village Group Colony 
Diameter  
(cm) 
No. of 
Sclerotia/ 
plate 
Size of 
Sclerotia 
(µm) 
1 NRCG 01 009 Junagadh Manavadar Vedava A 6.2 91 1235 
2 NRCG 01 012 Junagadh Keshod Ajab A 5.4 112 1112 
3 NRCG 01 016 Junagadh Maliya Devgam A 5.9 67 1269 
4 NRCG 01 018 Junagadh Keshod Bavasimali A 6.8 221 948 
5 NRCG 01 025 Junagadh Mangrol Husenabad A 6.8 88 1201 
6 NRCG 01 026 Junagadh Malia Hati Malia Hati A 5.9 254 862 
7 NRCG 01 031 Junagadh Kodinar Kodinar A 5.4 0 0 
8 NRCG 01 032 Junagadh Kodinar Kodinar A 5.8 0 0 
9 NRCG 01 035 Junagadh Bilkha Bilkha A 6.3 0 0 
10 NRCG 01 036 Junagadh Mangrol Mankhetra A 8 49 1294 
11 NRCG 01 038 Junagadh Mangrol Shil A 7.6 34 1306 
12 NRCG 01 039 Junagadh Mangrol Kukasvada A 4.8 25 1308 
13 NRCG 01 040 Junagadh Visavadar Visavadar A 6.4 0 0 
14 NRCG 01 041 Junagadh Talala Jepur A 5.8 113 1114 
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15 NRCG 01 043 Junagadh Sutrapada Sutrapada A 7.2 154 999 
16 NRCG 01 045 Junagadh Kodinar Alidhra A 6.5 204 925 
17 NRCG 01 046 Junagadh Una Pranchi A 7.5 76 1242 
18 NRCG 01 047 Junagadh Una Una A 6.9 78 1211 
19 NRCG 01 048 Junagadh Una Garal A 7.1 87 1246 
20 NRCG 01 049 Junagadh Visavadar Visavadar A 7.9 234 917 
21 NRCG 01 051 Junagadh Talala Borvava A 7.4 167 981 
22 NRCG 01 052 Junagadh Talala Borvava A 7.9 198 973 
23 NRCG 01 053 Junagadh Talala Devali A 5 322 649 
24 NRCG 01 055 Junagadh Talala Dhanej A 7.6 119 1098 
25 NRCG 01 056 Junagadh Zanzarada Zanzarada A 6.4 233 897 
26 NRCG 01 057 Junagadh Vanthali Vanthali A 6.7 206 950 
27 NRCG 01 058 Junagadh Manavadar Verava A 3 17 1335 
28 NRCG 01 059 Junagadh Manavadar Sardargadh A 6.3 0 0 
29 NRCG 01 060 Junagadh Manavadar Pajod A 6.4 0 0 
30 NRCG 01 061 Junagadh Mangrol Rudalpur A 3.1 0 0 
31 NRCG 01 062 Junagadh Porbandar Kutiyana A 6.3 0 0 
32 NRCG 01 063 Junagadh Porbandar Madhavpur A 4.1 43 1281 
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33 NRCG 01 064 Junagadh Porbandar Bagvadar A 3.4 38 1301 
34 NRCG 01 065 Junagadh Mangrol Mankhetra A 6.4 29 1293 
35 NRCG 01 066 Junagadh Mangrol Kukasvada A 5.4 31 1275 
36 NRCG 01 067 Junagadh Mangrol Kukasvada A 7.1 36 1223 
37 NRCG 01 068 Junagadh Vanthali Verava A 3.2 0 0 
38 NRCG 01 069 Junagadh Vanthali Verava A 5 0 0 
39 NRCG 01 070 Junagadh Vanthali Sanosari A 4.5 0 0 
40 NRCG 01 071 Junagadh Vanthali Pajod A 3.1 23 1317 
41 NRCG 01 073 Junagadh Manavadar Galvav A 3.4 27 1309 
42 NRCG 01 074 Junagadh Porbandar Kutiyana A 3.6 45 1265 
43 NRCG 01 075 Junagadh NRCG Farm NRCG Farm A 4.1 0 0 
44 NRCG 01 076 Junagadh NRCG Farm NRCG Farm A 3.4 0 0 
45 NRCG 01 077 Junagadh NRCG Farm NRCG Farm A 6.4 0 0 
46 NRCG 02 002 Amreli Bagasra Manekwadad A 6.8 33 1272 
47 NRCG 02 004 Amreli Bagasra Manekwadad A 6.7 25 1293 
48 NRCG 02 007 Amreli Bagasra Paniya A 6.9 0 0 
49 NRCG 02 008 Amreli Bagasra Paniya A 7.5 0 0 
50 NRCG 02 009 Amreli Amreli Paniya A 6.7 0 0 
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51 NRCG 02 011 Amreli Amreli Babapur A 7.1 0 0 
52 NRCG 02 013 Amreli Dhari Khicha A 6.3 0 0 
53 NRCG 02 014 Amreli Dhari Khicha A 6.4 9 1349 
54 NRCG 02 017 Amreli Dhari Zeera A 7.1 12 1334 
55 NRCG 02 021 Amreli Dhari Trambakpur A 6.3 19 1307 
56 NRCG 02 024 Amreli Amreli Amreli A 8 14 1322 
57 NRCG 02 029 Amreli Amreli Amreli A 8 198 975 
58 NRCG 02 031 Amreli Rajula Rajula A 5.8 0 0 
59 NRCG 02 034 Amreli Bagasra MotaMunjiyasar A 5.6 14 1319 
60 NRCG 02 035 Amreli Bagasra MotaMunjiyasar A 5.9 204 987 
61 NRCG 02 037 Amreli Bagasra Manekvada A 3.3 14 1314 
62 NRCG 02 038 Amreli Bagasra MotaMunjiyasar A 5.2 0 0 
63 NRCG 02 039 Amreli Kunkavav Kunkavav A 4.4 219 970 
64 NRCG 02 040 Amreli Amreli Amarapur A 8 0 0 
65 NRCG 03 005 Bhuj Nakhatrana Dhawla A 7.3 44 1278 
66 NRCG 03 007 Bhuj Nakhatrana Kotra A 7.1 21 1304 
67 NRCG 03 024 Bhuj Bhuj Modhapur A 2.2 13 1343 
68 NRCG 03 026 Bhuj Bhuj Sukhapur A 5.3 0 0 
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69 NRCG 03 027 Bhuj Nakhatrana Nakhatrana A 6.2 234 878 
70 NRCG 03 028 Bhuj Mandavi Kharod A 5.5 8 1349 
71 NRCG 03 029 Bhuj Mandavi Mandavi A 6.3 0 0 
72 NRCG 03 030 Bhuj Mandavi Bidada A 6.2 28 1289 
73 NRCG 03 031 Bhuj Mundra Mundra A 2.3 96 1133 
74 NRCG 03 032 Bhuj Anjar Anjar A 2.3 236 860 
75 NRCG 03 037 Bhuj Anjar Rafnala A 4.4 244 839 
76 NRCG 04 005 Anand Umreth Vansal A 6.1 39 1304 
77 NRCG 04 010 Anand AAU AAU A 6.3 247 824 
78 NRCG 05 005 Bhavnagar Mahuva Rampara A 7.2 15 1324 
79 NRCG 05 010 Bhavnagar Talaja Panaspipa A 4.6 14 1320 
80 NRCG 05 011 Bhavnagar Talaja PanchPipala A 6.8 9 1341 
81 NRCG 05 016 Bhavnagar Talaja Velavadar A 6 7 1345 
82 NRCG 05 017 Bhavnagar Talaja Gorki A 6.6 9 1335 
83 NRCG 05 018 Bhavnagar Talaja Alang A 6.6 12 1329 
84 NRCG 05 019 Bhavnagar Talaja Devi A 6.6 12 1315 
85 NRCG 05 020 Bhavnagar Talaja Talaja A 6.1 255 801 
86 NRCG 05 021 Bhavnagar Talaja Talaja A 6.2 143 1107 
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87 NRCG 05 022 Bhavnagar Talaja Pavadi A 6.3 254 774 
88 NRCG 05 023 Bhavnagar Talaja Phulsar A 6.9 0 0 
89 NRCG 05 024 Bhavnagar Uanchadi Sartanpur A 6.4 0 0 
90 NRCG 05 025 Bhavnagar Mahuva Malvav A 6.3 0 0 
91 NRCG 05 026 Bhavnagar Mahuva Vaghanagar A 6.6 0 0 
92 NRCG 05 027 Bhavnagar Mahuva Mahuva A 6.1 0 0 
93 NRCG 05 028 Bhavnagar Mahuva Mahuva A 5.8 14 1305 
94 NRCG 05 029 Bhavnagar Mahuva Motajadra A 6.6 17 1284 
95 NRCG 05 030 Bhavnagar Mahuva Bhadrod A 6.2 254 796 
96 NRCG 05 031 Bhavnagar Mahuva Konjali A 6.9 0 0 
97 NRCG 05 032 Bhavnagar Mahuva Bordi A 6.8 258 767 
98 NRCG 05 033 Bhavnagar Mahuva Khuntwada A 7.2 10 1336 
99 NRCG 05 034 Bhavnagar Mahuva Trapaj A 4 46 1297 
100 NRCG 05 035 Bhavnagar Talaja Pavdi A 3.3 9 1345 
101 NRCG 05 036 Bhavnagar Talaja Phulsar A 4.7 11 1322 
102 NRCG 06 001 SK Nagar Talod Talod A 5.6 127 1071 
103 NRCG 06 002 SK Nagar Talod Talod A 1.7 19 1310 
104 NRCG 06 003 SK Nagar Talod Talod A 8 20 1312 
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105 NRCG 06 004 SK Nagar Talod Talod A 1.9 27 1295 
106 NRCG 06 006 SK Nagar Talod Talod A 5.1 0 0 
107 NRCG 06 007 SK Nagar Talod Talod A 4.5 36 1288 
108 NRCG 06 008 SK Nagar Talod Talod A 2.9 13 1317 
109 NRCG 06 009 SK Nagar Talod Talod A 2 304 625 
110 NRCG 06 011 SK Nagar Talod Talod A 4.3 11 1337 
111 NRCG 06 012 SK Nagar Talod Talod A 5.2 46 1273 
112 NRCG 06 013 SK Nagar Talod Talod A 4.3 284 775 
113 NRCG 06 015 SK Nagar Talod Talod A 6.2 324 622 
114 NRCG 06 016 SK Nagar Talod Talod A 2.2 354 609 
115 NRCG 06 018 SK Nagar Talod Talod A 3.4 0 0 
116 NRCG 06 019 SK Nagar Talod Talod A 3.3 294 754 
117 NRCG 06 020 SK Nagar Prantij Vagarota A 3.7 48 1285 
118 NRCG 06 021 SK Nagar Prantij Rampur A 2.4 0 0 
119 NRCG 07 001 Jamnagar JamJodhpur SSJamJodhpur A 4.2 10 1347 
120 NRCG 07 002 Jamnagar Kalavad Khanchera A 4.3 118 1090 
121 NRCG 07 004 Jamnagar Lalpur Gop A 4.3 65 1269 
122 NRCG 08 001 Surendranagar S’nagar S’nagar A 6.3 8 1344 
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123 NRCG 08 002 Surendranagar S’nagar S’nagar A 4.6 0 0 
124 NRCG 08 003 Surendranagar S’nagar Kheroli A 6.7 0 0 
125 NRCG 08 004 Surendranagar S’nagar Kheroli A 4.4 28 1289 
126 NRCG 08 005 Surendranagar Muli Muli A 7.3 16 1309 
127 NRCG 08 006 Surendranagar Muli Muli A 4.5 358 589 
128 NRCG 08 007 Surendranagar Sayala Loriya A 6.4 0 0 
129 NRCG 08 008 Surendranagar Sayala Sayala A 4.4 43 1267 
130 NRCG 08 009 Surendranagar Chuda Chokadi A 5.9 9 1313 
131 NRCG 08 010 Surendranagar Chuda Chokadi A 4.7 0 0 
132 NRCG 08 011 Surendranagar Chuda Chuda A 7.5 33 1298 
133 NRCG 08 012 Surendranagar Limadi limadi A 2.4 0 0 
134 NRCG 08 013 Surendranagar Lakhatar Lakhatar A 4.4 15 1323 
135 NRCG 08 014 Surendranagar Lakhatar Lakhatar A 5.9 369 592 
136 NRCG 08 015 Surendranagar Lakhatar Balaroad A 3.3 0 0 
137 NRCG 08 016 Surendranagar Vadhavan Vadhavan A 6.8 387 593 
138 NRCG 08 017 Surendranagar S’nagar S’nagar A 2.7 0 0 
139 NRCG 08 018 Surendranagar Vadhavan Vadhavan A 6.5 11 1343 
140 NRCG 08 019 Surendranagar Lakhatar Lakhatar A 4.5 23 1288 
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141 NRCG 08 020 Surendranagar S’nagar Than A 5.3 0 0 
142 NRCG 08 021 Surendranagar Lakhatar Tavi A 4.4 0 0 
143 NRCG 08 022 Surendranagar Muli Muli A 4.3 0 0 
144 NRCG 09 001 Rajkot Dhoraji Dhoraji A 5.1 0 0 
145 NRCG 09 002 Rajkot Upleta Upleta A 4.4 39 1279 
146 NRCG 09 005 Rajkot Lodhika Paldi A 5.8 402 599 
147 NRCG 10 001 Porbandar Keshod Manekvad A 6.8 0 0 
148 NRCG 10 002 Porbandar Keshod Gadu A 6.4 17 1329 
149 NRCG 10 003 Porbandar Maliya Korsa A 6.3 14 1335 
150 NRCG 10 004 Porbandar Veraval Veraval A 7.4 11 1340 
151 NRCG 10 005 Porbandar Veraval Somnath A 6.9 399 608 
152 NRCG 10 006 Porbandar Veraval Virodar A 6.3 425 587 
153 NRCG 10 008 Porbandar Kodinar Kodinar A 1.1 50 1269 
154 NRCG 10 008 Porbandar Porbandar Porbandar A 4.3 34 1297 
155 NRCG 10 009 Porbandar Madhavpur Ratiya A 3.9 0 0 
156 NRCG 01 003 Junagadh Junagadh Market Yard B 6.6 68 1255 
157 NRCG 01 007 Junagadh Manavadar Vedava B 7.6 134 1087 
158 NRCG 01 028 Junagadh Veraval Ajotha B 6.7 0 0 
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159 NRCG 01 037 Junagadh Mangrol Loaj B 5.2 0 0 
160 NRCG 01 044 Junagadh Talala Talala B 8 0 0 
161 NRCG 01 054 Junagadh Talalaa Jepur B 8 0 0 
162 NRCG 02 019 Amreli Dhari Trambakpur B 7.3 32 1299 
163 NRCG 02 025 Amreli Rajula Rampara B 8 45 1287 
164 NRCG 02 028 Amreli Rajula Rampara B 8 34 1301 
165 NRCG 02 041 Amreli Amreli Morjar B 8 0 0 
166 NRCG 03 003 Bhuj Nakhatrana Vadla B 7.8 0 0 
167 NRCG 03 015 Bhuj Azmer Senagra B 6.9 0 0 
168 NRCG 03 019 Bhuj Anjar Patya B 6.7 218 889 
169 NRCG 03 020 Bhuj Anjar Patya B 7.4 125 1103 
170 NRCG 03 025 Bhuj Bhuj Deshalpur B 8 227 880 
171 NRCG 03 034 Bhuj Nakhatrana Nakhatrana B 3.5 0 0 
172 NRCG 06 005 SK Nagar Talod Talod B 4.3 161 1002 
173 NRCG 06 010 SK Nagar Talod Talod B 6.7 0 0 
174 NRCG 06 014 SK Nagar Talod Talod B 2 0 0 
175 NRCG 06 017 SK Nagar Talod Talod B 2.4 0 0 
176 NRCG 01 042 Junagadh Talala Jepur G 7.8 0 0 
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177 NRCG 02 026 Amreli Rajula Rampara G 7.6 187 962 
178 NRCG 02 027 Amreli Rajula Rampara G 7.9 0 0 
179 NRCG 02 033 Amreli Amreli Gavadaka G 5.1 34 1304 
180 NRCG 02 036 Amreli Amreli Gavadaka G 5.2 22 1311 
181 NRCG 02 042 Amreli Rajula Kotadi G 7.6 27 1323 
182 NRCG 02 043 Amreli Vadiya Rampar G 7.9 31 1302 
183 NRCG 03 033 Bhuj Bhuj Bhuj G 3.4 231 877 
184 NRCG 03 035 Bhuj Mandavi Kharod G 3.6 46 1285 
185 NRCG 03 036 Bhuj Anjar Adipur G 2.5 0 0 
186 NRCG 07 003 Jamnagar Jamnagar Jamnagar G 5.4 172 998 
187 NRCG 09 004 Rajkot Gondal Jamvadi G 5.1 32 1309 
 SEm+     1.13 1.99 5.36 
 CD (P = 0.01)     4.15 7.29 19.64 
 CV %     3.50 4.83 1.20 
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The isolates varied significantly for their colony diameter (P=0.01) number 
of sclerotia (P=0.01) and size of sclerotia (P=0.01). Of the 187 isolates, 11 
produced maximum colony diameter after 4 days (20 mm) of inoculation. The 
lowest colony diameter (11 mm) was recorded in isolate NRCG 10007 after 4 days 
of inoculation (Table 14). It was also observed that 50% group B isolates showed 
increase in colony diameter of more than 70 mm. However, the isolates NRCG 
10007, NRCG 06002, NRCG 06004, NRCG 06009 and NRCG 06014 had a very 
poor growth with less than or equal to 20 mm colony diameter at 4 days of 
inoculation. A higher colony diameter reflects better ability of the fungus to utilize 
the available nutrition. It reflects on the ability of the fungus to utilize the available 
nutrients and conversion of the same into effective biomass. The present findings 
are in line with the findings of Olutiola (1976), Desai et al. (2003) and Raina 
(2005) who also reported variability in growth among isolates of fungi due to 
various edaphic and nutritional factors.  
The isolates differed for their colony color considerably (Fig 12) and could 
be grouped into three classes viz., Parrot green, White fluffy with yellow 
sporulation and Olive green. Out of 187 isolates 155 belonged to Parrot green and 
grouped as Group A isolates; 20 belonged to White fluffy with yellow sporulation 
and grouped as Group B and 12 belonged to Olive green and grouped as Group G 
(Table 14). Rinyu et al. (1995) studied 61 strains of Aspergilllus fumigatus and 
found that strains were highly variable in colony morphologies, growth rates and 
levels of pigment production. Raina (2005) has also reported a high amount of 
variations in colony color of 150 Aspergillus isolates. On the basis of colony color 
they classified those isolates into different classes. Horn et al. (1996) also reported 
variation in the colony color of A. flavus, A. parasiticus and A. tamarii and 
summarized that there is high proportion of variation among isolates. 
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4.1.1.1 Sclerotial production 
The187 isolates had both sclerotial producing types as well as non-
sclerotial producing types. Among the sclerotial producing types, the isolates 
varied significantly for number and size (Fig 13) of sclerotia. The details are 
presented in the Table 15 and 16. 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Variation in size and number of sclerotia produced in different 
isolates of Aspergillus flavus 
 
 
 
 
 
 
 
 
 
NRCG 01 NRCG 07 NRCG 01 NRCG 04 
NRCG 02 NRCG 05 NRCG 02 NRCG 01 
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Table 15: Variation in sclerotia production among isolates of Aspergillus 
flavus  
 
Grade Isolate no. Total 
Poor 
producer 
(+) 
NRCG 01058 NRCG 02014 NRCG 02017 NRCG 
02021 NRCG 02024 NRCG 02034 NRCG 02037 
NRCG 03024 NRCG 03028 NRCG 05005 NRCG 
05010 NRCG 05011 NRCG 05016 NRCG 05017 
NRCG 05018 NRCG 05019 NRCG 05028 NRCG 
05029 NRCG 05033 NRCG 05035 NRCG 05036 
NRCG 06002 NRCG 06003 NRCG 06008 NRCG 
06011 NRCG 07001 NRCG 08001 NRCG 08005 
NRCG 08009 NRCG 08013 NRCG 08018 NRCG 
10002 NRCG 10003 NRCG 10004 
34 
Moderate 
producer 
(+ +) 
 
NRCG 01036 NRCG 01038 NRCG 01039 NRCG 
01063 NRCG 01064 NRCG 01065 NRCG 01066 
NRCG 01067 NRCG 01071 NRCG 01073 NRCG 
01074 NRCG 02002 NRCG 02004 NRCG 03005 
NRCG 03007 NRCG 03030 NRCG 04005 NRCG 
05034 NRCG 06004 NRCG 06007 NRCG 06012 
NRCG 06020 NRCG 08004 NRCG 08008 NRCG 
08011 NRCG 08019 NRCG 09002 NRCG 10007 
NRCG 10008 NRCG 02019 NRCG 02025 NRCG 
02028 NRCG 02033 NRCG 02036 NRCG 02042 
NRCG 02043 NRCG 03035 NRCG 09004 
38 
High 
producer 
(+ + +) 
NRCG 01009 NRCG 01012 NRCG 01016 NRCG 
01018 NRCG 01025 NRCG 01026 NRCG 01041 
NRCG 01043 NRCG 01045 NRCG 01046 NRCG 
01047 NRCG 01048 NRCG 01049 NRCG 01051 
NRCG 01052 NRCG 01053 NRCG 01055 NRCG 
01056 NRCG 01057 NRCG 02029 NRCG 02035 
55 
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NRCG 02039 NRCG 03027 NRCG 03031 NRCG 
03032 NRCG 03037 NRCG 04010 NRCG 05020 
NRCG 05021 NRCG 05022 NRCG 05030 NRCG 
05032 NRCG 06001 NRCG 06009 NRCG 06013 
NRCG 06015 NRCG 06016 NRCG 06019 NRCG 
07002 NRCG 07004 NRCG 08006 NRCG 08014 
NRCG 08016 NRCG 09005 NRCG 10005 NRCG 
10006 NRCG 01003 NRCG 01007 NRCG 03019 
NRCG 03020 NRCG 03025 NRCG 06005 NRCG 
02026 NRCG 03033 NRCG 07003 
 
 
Table 16: Variation in production of sclerotia among different isolates of 
Aspergillus flavus 
 
Number of Sclerotia Group Grade Total No. of 
isolates 
1-20 Poor producer + 34 
 21-50 Moderate producer ++ 38 
> 50 High producer +++ 55 
 
 
Table 17: Variation in size of sclerotia among different isolates of Aspergillus 
flavus 
 
Group Isolate no. Total 
Small 
NRCG 01053 NRCG 03037 NRCG 04010 NRCG 
05020 NRCG 05022 NRCG 05030 NRCG 05032 
NRCG 06009 NRCG 06013 NRCG 06015 NRCG 
06016 NRCG 06019 NRCG 08006 NRCG 08014 
NRCG 08016 NRCG 09005 NRCG 10005 NRCG 
18 
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10006 
Medium 
 
NRCG 01018 NRCG 01026 NRCG 01043 NRCG 
01045 NRCG 01049 NRCG 01051 NRCG 01052 
NRCG 01056 NRCG 01057 NRCG 02029 NRCG 
02035 NRCG 02039 NRCG 03027 NRCG 03032 
NRCG 03019 NRCG 03025 NRCG 02026 NRCG 
03033 NRCG 07003 
19 
Large 
NRCG 01009 NRCG 01012 NRCG 01016 NRCG 
01025 NRCG 01036 NRCG 01038 NRCG 01039 
NRCG 01041 NRCG 01046 NRCG 01047 NRCG 
01048 NRCG 01055 NRCG 01058 NRCG 01063 
NRCG 01064 NRCG 01065 NRCG 01066 NRCG 
01067 NRCG 01071 NRCG 01073 NRCG 01074 
NRCG 02002 NRCG 02004 NRCG 02014 NRCG 
02017 NRCG 02021 NRCG 02024 NRCG 02034 
NRCG 02037 NRCG 03005 NRCG 03007 NRCG 
03024 NRCG 03028 NRCG 03030 NRCG 03031 
NRCG 04005 NRCG 05005 NRCG 05010 NRCG 
05011 NRCG 05016 NRCG 05017 NRCG 05018 
NRCG 05019 NRCG 05021 NRCG 05028 NRCG 
05029 NRCG 05033 NRCG 05034 NRCG 05035 
NRCG 05036 NRCG 06001 NRCG 06002 NRCG 
06003 NRCG 06004 NRCG 06007 NRCG 06008 
NRCG 06011 NRCG 06012 NRCG 06020 NRCG 
07001 NRCG 07002 NRCG 07004 NRCG 08001 
NRCG 08004 NRCG 08005 NRCG 08008 NRCG 
08009 NRCG 08011 NRCG 08013 NRCG 08018 
NRCG 08019 NRCG 09002 NRCG 10002 NRCG 
10003 NRCG 10004 NRCG 10007 NRCG 10008 
NRCG 01003 NRCG 01007 NRCG 02019 NRCG 
02025 NRCG 02028 NRCG 03020 NRCG 06005 
90 
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NRCG 02033 NRCG 02036 NRCG 02042 NRCG 
02043 NRCG 03035 NRCG 09004 
 
Table 18: Variation in size of sclerotia among different isolates of Aspergillus 
flavus 
 
Size of sclerotia Group Total No. of isolates 
< 850 Small 18 
850-1000 Medium 19 
> 1000 Large 90 
 
Among 187 isolates, 127 produced sclerotia, while 60 did not. Among the 
sclerotial producers, 34 belonged to low producing types; 38 belonged to 
moderate sclerotial producing types; 55 belonged to high sclerotial producing 
types (Table 16). 
Among the low sclerotia producing types, isolate NRCG 05016 produced 
only 7 sclerotia per plate on an average, whereas, other 33 isolates produced 
sclerotia ranging from 8-19 per palte on an average. 
The size of sclerotia varied significantly (P = 0.01) across the isolates (Fig 
13). The sclerotial size across the isolates varied from 587 to 1349 µm (Table 
17 and 18). The largest size of sclerotia was produced by two isolates viz., 
NRCG 03015 and NRCG 07001 (1349 µm) whereas isolate NRCG 01051 
produced the smallest sclerotia (587 µm). It was also observed that the isolate 
that produced less number of sclerotia usually produced large sclerotial size as 
compared to isolates, which produced more number of sclerotia (Fig 14) but 
statistically no significant correlation was found. The above findings are in 
accordance with earlier reports (Raina, 2005). 
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Figure 14: Graph showing correlation between number of sclerotia and size of 
sclerotia  
The sclerotia are produced by many fungi to overcome the adverse climatic 
conditions. Many species of genus Aspergillus also produce sclerotia 
(Hesseltine et al., 1970). In the present study, the isolates of Aspergillus varied 
significantly for their ability to produce sclerotia and also size of sclerotia. 
Lisker et al. (1993) while working with 200 isolates of Aspergillus flavus 
isolated from groundnut also found that about 30 % to be sclerotial producing 
types and 70 % to be non-sclerotial types. Raina (2005) has also reported that 
out of 150 isolates, 90 were non sclerotia prodcing types. Previous studies 
revealed that A. flavus could be divided into small (S-type) and large (L-type) 
sclerotial types based on size of sclerotia and found that S-type strains were 
less aflatoxigenic as compared to L-type strains (Geiser et al., 2000). 
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4.1.2: Distribution of different isolates of Aspergillus flavus in Gujarat state 
 
All 187 isolates of Aspergillus flavus were collected from ten different major groundnut producing districts of Gujarat state and 
further classified in three different groups based on morphological characters and growth habit (Table 13 & 14). The distribution 
patterns of these isolates have been shown in Table 19 & 20 and Fig 15. 
 
Table 19: District wise grouping of isolates of Aspergillus flavus used for study 
 
Sl. 
No. 
District Grou
p 
Isolates 
1 Junagadh A NRCG 01009 NRCG 01012 NRCG 01016 NRCG 01018 NRCG 01025 NRCG 01026 
NRCG 01031 NRCG 01032 NRCG 01035 NRCG 01036 NRCG 01038 NRCG 01039 
NRCG 01040 NRCG 01041 NRCG 01043 NRCG 01045 NRCG 01046 NRCG 01047 
NRCG 01048 NRCG 01049 NRCG 01051 NRCG 01052 NRCG 01053 NRCG 01055 
NRCG 01056 NRCG 01057 NRCG 01058 NRCG 01059 NRCG 01060 NRCG 01061 
NRCG 01062 NRCG 01063 NRCG 01064 NRCG 01065 NRCG 01066 NRCG 01067 
NRCG 01068 NRCG 01069 NRCG 01070 NRCG 01071 NRCG 01073 NRCG 01074 
NRCG 01075 NRCG 01076 NRCG 01077  
B NRCG 01003 NRCG 01007 NRCG 01028 NRCG 01037 NRCG 01044 NRCG 01054  
G NRCG 01042 
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2 Amreli A NRCG 02002 NRCG 02004 NRCG 02007 NRCG 02008 NRCG 02009 NRCG 02011 
NRCG 02013 NRCG 02014 NRCG 02017 NRCG 02021 NRCG 02024 NRCG 02029 
NRCG 02031 NRCG 02034 NRCG 02035 NRCG 02037 NRCG 02038 NRCG 02039 
NRCG 02040  
B NRCG 02019 NRCG 02025 NRCG 02028 NRCG 02041  
G NRCG 02026 NRCG 02027 NRCG 02033 NRCG 02036 NRCG 02042 NRCG 02043 
3 Bhuj A NRCG 03005 NRCG 03007 NRCG 03024 NRCG 03026 NRCG 03027 NRCG 03028 
NRCG 03029 NRCG 03030 NRCG 03031 NRCG 03032 NRCG 03037  
B NRCG 03003 NRCG 03015 NRCG 03019 NRCG 03020 NRCG 03025 NRCG 03034  
G NRCG 03033 NRCG 03035 NRCG 03036 
4 Anand A NRCG 04005 NRCG 04010 
5 Bhavnagar A NRCG 05005 NRCG 05010 NRCG 05011 NRCG 05016 NRCG 05017 NRCG 05018 
NRCG 05019 NRCG 05020 NRCG 05021 NRCG 05022 NRCG 05023 NRCG 05024 
NRCG 05025 NRCG 05026 NRCG 05027 NRCG 05028 NRCG 05029 NRCG 05030 
NRCG 05031 NRCG 05032 NRCG 05033 NRCG 05034 NRCG 05035 NRCG 05036 
6 SK Nagar A NRCG 06001 NRCG 06002 NRCG 06003 NRCG 06004 NRCG 06006 NRCG 06007 
NRCG 06008 NRCG 06009 NRCG 06011 NRCG 06012 NRCG 06013 NRCG 06015 
NRCG 06016 NRCG 06018 NRCG 06019 NRCG 06020 NRCG 06021  
B NRCG 06005 NRCG 06010 NRCG 06014 NRCG 06017 
7 Jamnagar A NRCG 07001 NRCG 07002 NRCG 07004  
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G NRCG 07003 
8 Surendranagar A NRCG 08001 NRCG 08002 NRCG 08003 NRCG 08004 NRCG 08005 NRCG 08006 
NRCG 08007 NRCG 08008 NRCG 08009 NRCG 08010 NRCG 08011 NRCG 08012 
NRCG 08013 NRCG 08014 NRCG 08015 NRCG 08016 NRCG 08017 NRCG 08018 
NRCG 08019 NRCG 08020 NRCG 08021 NRCG 08022 
9 Rajkot A NRCG 09001 NRCG 09002 NRCG 09005  
G NRCG 09004 
10 Porbandar A NRCG 10001 NRCG 10002 NRCG 10003 NRCG 10004 NRCG 10005 NRCG 10006 
NRCG 10007 NRCG 10008 NRCG 10009 
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Figure 15: Distribution pattern of isolates of Aspergillus flavus in Gujarat 
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Table 20: District wise distribution pattern of different morphological groups 
of Aspergillus flavus isolates 
Districts Morphological 
groups 
Number 
of 
Isolates 
Junagadh A 45 
 B 6 
 G 1 
 Total  52 
Amreli A 19 
 B 4 
 G 6 
 Total  29 
Bhuj A 11 
 B 6 
 G 3 
 Total  20 
Anand A 2 
 B 0 
 G 0 
 Total  2 
Bhavnagar A 24 
 B 0 
 G 0 
 Total  24 
SK Nagar A 17 
 B 4 
 G 0 
 Total  21 
Jamnagar A 3 
 B 0 
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 G 1 
 Total  4 
Surendranagar A 22 
 B 0 
 G 0 
 Total  22 
Rajkot A 3 
 B 0 
 G 1 
 Total  4 
Porbandar A 9 
 B 0 
 G 0 
 Total  9 
 Total number 
of isolates 
187 
 
 
Figure 16: Distribution pattern of different morphological groups of 
Aspergillus flavus isolates across ten major groudnut growing 
districts of Gujarat 
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As apparent from the  figure that the group “A” isolates of Aspergillus 
flavus had wide spread in Gujarat followed by “B” and “G” group isolates. 
Four districts viz., Surendranagar, Bhavnagar, Anand and Porbandar showed 
spread of only group “A” isolates, whereas all three groups i.e., A, B and G 
were prevailing in Junagadh, Amreli and Bhuj districts. Out of ten surveyed 
districts group “A” isolates were most prevailing and covered 82.89% 
population of Aspergillus flavus, followed by group “B” isolates that covered 
10.69% population and group “G” isolates covered only 6.42% population (Fig 
16). Junagadh, Amreli and Bhuj are three districts, which showed all three 
groups of isolates (Fig 17), and this may be due to the close proximity of 
Junagadh and Amreli districts and movment of  groundnut seeds from these 
districts might have been instrumental in the dessimination of  A.flavus types 
to Bhuj district. 
 
 
 
Figure 17: Frequency distribution of different groups of A.flavus isolates in 
different districts 
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Barros et al. (2005) studied the distribution of Aspergillus flavus 
population in the soil of Argentina's peanut-growing regions and found wide 
variation in distribution of different phenotypes . Khandar et al. (2004) in his 
survey of some districts of Saurashtra region of Guajrat  also reported a wide 
variation in distribution of Aspergillus species in soil.  
 
4.2 Aflatoxin Detection 
     
 
 
A. Low toxic             B. Moderately toxic                C. Highly toxic 
 
Figure 18: Aflatoxigenicity of Aspergillus flavus by ammonia vapor 
method 
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Figure 19: Figure of ELISA plate with antigen antibody reaction. 
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Table 21: Aflatoxigenicity in Aspergillus flavus isolates detected by Ammonia Vapor test and indirect competitive ELISA 
 
Accession. no. Group Level of 
toxicity* 
Aflatoxin 
Content 
District Taluka Village 
NRCG 01009 A Moderate 0 Junagadh Manavadar Vedava 
NRCG 01012 A Non 0 Junagadh Keshod Ajab 
NRCG 01016 A Moderate 1.12 Junagadh Maliya Devgam 
NRCG 01018 A Non 0 Junagadh Keshod Bavasimali 
NRCG 01025 A Moderate 6.37 Junagadh Mangrol Husenabad 
NRCG 01026 A Non 0 Junagadh Malia Hati Malia Hati 
NRCG 01031 A High 5.24 Junagadh Kodinar Kodinar 
NRCG 01032 A High 8.11 Junagadh Kodinar Kodinar 
NRCG 01035 A Non 5.24 Junagadh Bilkha Bilkha 
NRCG 01036 A Non 0 Junagadh Mangrol Mankhetra 
NRCG 01038 A Moderate 0 Junagadh Mangrol Shil 
NRCG 01039 A Moderate 0 Junagadh Mangrol Kukasvada 
NRCG 01040 A Moderate 0 Junagadh Visavadar Visavadar 
NRCG 01041 A Non 0 Junagadh Talala Jepur 
NRCG 01043 A Non 0 Junagadh Sutrapada Sutrapada 
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NRCG 01045 A Non 0 Junagadh Kodinar Alidhra 
NRCG 01046 A Moderate 0 Junagadh Una Pranchi 
NRCG 01047 A Non 0 Junagadh Una Una 
NRCG 01048 A Non 0 Junagadh Una Garal 
NRCG 01049 A Moderate 0 Junagadh Visavadar Visavadar 
NRCG 01051 A Non 0 Junagadh Talala Borvava 
NRCG 01052 A Non 0 Junagadh Talala Borvava 
NRCG 01053 A Non 1.41 Junagadh Talala Devali 
NRCG 01055 A Moderate 5.98 Junagadh Talala Dhanej 
NRCG 01056 A Moderate 3.02 Junagadh Zanzarada Zanzarada 
NRCG 01057 A Moderate 26.73 Junagadh Vanthali Vanthali 
NRCG 01058 A Moderate 0 Junagadh Manavadar Verava 
NRCG 01059 A Moderate 0 Junagadh Manavadar Sardargadh 
NRCG 01060 A Moderate 0 Junagadh Manavadar Pajod 
NRCG 01061 A Moderate 7.13 Junagadh Mangrol Rudalpur 
NRCG 01062 A Moderate 0 Junagadh Porbandar Kutiyana 
NRCG 01063 A Non 0 Junagadh Porbandar Madhavpur 
NRCG 01064 A Moderate 0 Junagadh Porbandar Bagvadar 
NRCG 01065 A Non 0 Junagadh Mangrol Mankhetra 
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NRCG 01066 A Moderate 7.82 Junagadh Mangrol Kukasvada 
NRCG 01067 A Moderate 0 Junagadh Mangrol Kukasvada 
NRCG 01068 A Moderate 4.5 Junagadh Vanthali Verava 
NRCG 01069 A Non 0 Junagadh Vanthali Verava 
NRCG 01070 A High 25.14 Junagadh Vanthali Sanosari 
NRCG 01071 A Non 1.27 Junagadh Vanthali Pajod 
NRCG 01073 A Moderate 1.08 Junagadh Manavadar Galvav 
NRCG 01074 A Non 3.6 Junagadh Porbandar Kutiyana 
NRCG 01075 A Non 5.36 Junagadh NRCG Farm NRCG Farm 
NRCG 01076 A Non 4.23 Junagadh NRCG Farm NRCG Farm 
NRCG 01077 A Non 0 Junagadh NRCG Farm NRCG Farm 
NRCG 02002 A Non 0 Amreli Bagasra Manekwadad 
NRCG 02004 A High 25.24 Amreli Bagasra Manekwadad 
NRCG 02007 A Moderate 50.24 Amreli Bagasra Paniya 
NRCG 02008 A Non 0 Amreli Bagasra Paniya 
NRCG 02009 A Moderate 5.39 Amreli Amreli Paniya 
NRCG 02011 A Non 0 Amreli Amreli Babapur 
NRCG 02013 A Moderate 7.29 Amreli Dhari Khicha 
NRCG 02014 A Non 0 Amreli Dhari Khicha 
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NRCG 02017 A Non 0 Amreli Dhari Zeera 
NRCG 02021 A High 81.68 Amreli Dhari Trambakpur 
NRCG 02024 A Non 0 Amreli Amreli Amreli 
NRCG 02029 A Non 0 Amreli Amreli Amreli 
NRCG 02031 A Moderate 0 Amreli Rajula Rajula 
NRCG 02034 A Moderate 9.43 Amreli Bagasra MotaMunjiyasar 
NRCG 02035 A Moderate 37.13 Amreli Bagasra MotaMunjiyasar 
NRCG 02037 A Non 3.02 Amreli Bagasra Manekvada 
NRCG 02038 A Non 6.01 Amreli Bagasra MotaMunjiyasar 
NRCG 02039 A Non 0 Amreli Kunkavav Kunkavav 
NRCG 02040 A Non 5.22 Amreli Amreli Amarapur 
NRCG 03005 A Moderate 0 Bhuj Nakhatrana Dhawla 
NRCG 03007 A Non 0 Bhuj Nakhatrana Kotra 
NRCG 03024 A Non 0 Bhuj Bhuj Modhapur 
NRCG 03026 A Moderate 11.32 Bhuj Bhuj Sukhapur 
NRCG 03027 A Moderate 56.54 Bhuj Nakhatrana Nakhatrana 
NRCG 03028 A Non 0 Bhuj Mandavi Kharod 
NRCG 03029 A Moderate 0 Bhuj Mandavi Mandavi 
NRCG 03030 A Moderate 3.16 Bhuj Mandavi Bidada 
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NRCG 03031 A Moderate 8.77 Bhuj Mundra Mundra 
NRCG 03032 A Moderate 6.76 Bhuj Anjar Anjar 
NRCG 03037 A Non 2.4 Bhuj Anjar Rafnala 
NRCG 04005 A High 875.54 Anand Umreth Vansal 
NRCG 04010 A High 698.47 Anand AAU AAU 
NRCG 05005 A High 725.36 Bhavnagar Mahuva Rampara 
NRCG 05010 A High 145.02 Bhavnagar Talaja Panaspipa 
NRCG 05011 A High 471.27 Bhavnagar Talaja PanchPipala 
NRCG 05016 A Non 0 Bhavnagar Talaja Velavadar 
NRCG 05017 A Non 5.11 Bhavnagar Talaja Gorki 
NRCG 05018 A Non 3.02 Bhavnagar Talaja Alang 
NRCG 05019 A Moderate 4.71 Bhavnagar Talaja Devi 
NRCG 05020 A Non 0 Bhavnagar Talaja Talaja 
NRCG 05021 A Non 3.93 Bhavnagar Talaja Talaja 
NRCG 05022 A Moderate 3.02 Bhavnagar Talaja Pavadi 
NRCG 05023 A Moderate 16.04 Bhavnagar Talaja Phulsar 
NRCG 05024 A Moderate 168.05 Bhavnagar Uanchadi Sartanpur 
NRCG 05025 A Moderate 0 Bhavnagar Mahuva Malvav 
NRCG 05026 A Moderate 1.81 Bhavnagar Mahuva Vaghanagar 
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NRCG 05027 A Moderate 17.22 Bhavnagar Mahuva Mahuva 
NRCG 05028 A Non 0 Bhavnagar Mahuva Mahuva 
NRCG 05029 A Non 0 Bhavnagar Mahuva Motajadra 
NRCG 05030 A Moderate 2.13 Bhavnagar Mahuva Bhadrod 
NRCG 05031 A Moderate 35.61 Bhavnagar Mahuva Konjali 
NRCG 05032 A Non 6.48 Bhavnagar Mahuva Bordi 
NRCG 05033 A Non 0 Bhavnagar Mahuva Khuntwada 
NRCG 05034 A Moderate 31.12 Bhavnagar Mahuva Trapaj 
NRCG 05035 A Moderate 1.1 Bhavnagar Talaja Pavdi 
NRCG 05036 A Non 0 Bhavnagar Talaja Phulsar 
NRCG 06001 A High 214.25 SK Nagar Talod Talod 
NRCG 06002 A High 254.14 SK Nagar Talod Talod 
NRCG 06003 A High 715.23 SK Nagar Talod Talod 
NRCG 06004 A High 657.14 SK Nagar Talod Talod 
NRCG 06006 A Moderate 0 SK Nagar Talod Talod 
NRCG 06007 A Moderate 0 SK Nagar Talod Talod 
NRCG 06008 A Moderate 128.29 SK Nagar Talod Talod 
NRCG 06009 A High 347.18 SK Nagar Talod Talod 
NRCG 06011 A High 239.47 SK Nagar Talod Talod 
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NRCG 06012 A High 314.8 SK Nagar Talod Talod 
NRCG 06013 A Non 0 SK Nagar Talod Talod 
NRCG 06015 A Moderate 0 SK Nagar Talod Talod 
NRCG 06016 A Moderate 0 SK Nagar Talod Talod 
NRCG 06018 A High 213.58 SK Nagar Talod Talod 
NRCG 06019 A Non 0 SK Nagar Talod Talod 
NRCG 06020 A High 247.36 SK Nagar Prantij Vagarota 
NRCG 06021 A Non 14.28 SK Nagar Prantij Rampur 
NRCG 07001 A Moderate 8.17 Jamnagar JamJodhpur SSJamJodhpur 
NRCG 07002 A Moderate 0 Jamnagar Kalavad Khanchera 
NRCG 07004 A Non 4.6 Jamnagar Lalpur Gop 
NRCG 08001 A Non 2.5 Surendranagar Surendranagar Surendranagar 
NRCG 08002 A Moderate 0 Surendranagar Surendranagar Surendranagar 
NRCG 08003 A Moderate 0 Surendranagar Surendranagar Kheroli 
NRCG 08004 A Moderate 0 Surendranagar Surendranagar Kheroli 
NRCG 08005 A Moderate 0 Surendranagar Muli Muli 
NRCG 08006 A Moderate 1 Surendranagar Muli Muli 
NRCG 08007 A Moderate 1.76 Surendranagar Sayala Loriya 
NRCG 08008 A Moderate 0 Surendranagar Sayala Sayala 
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NRCG 08009 A Moderate 0 Surendranagar Chuda Chokadi 
NRCG 08010 A Moderate 2.65 Surendranagar Chuda Chokadi 
NRCG 08011 A Moderate 0 Surendranagar Chuda Chuda 
NRCG 08012 A Moderate 6.59 Surendranagar Limadi Limadi 
NRCG 08013 A Moderate 0 Surendranagar Lakhatar Lakhatar 
NRCG 08014 A Moderate 39.96 Surendranagar Lakhatar Lakhatar 
NRCG 08015 A Non 10.71 Surendranagar Lakhatar Balaroad 
NRCG 08016 A Non 0 Surendranagar Vadhavan Vadhavan 
NRCG 08017 A Non 2.46 Surendranagar S’nagar S’nagar 
NRCG 08018 A Non 0 Surendranagar Vadhavan Vadhavan 
NRCG 08019 A Non 0 Surendranagar Lakhatar Lakhatar 
NRCG 08020 A Moderate 2.17 Surendranagar S’nagar Than 
NRCG 08021 A Non 0 Surendranagar Lakhatar Tavi 
NRCG 08022 A Non 1.55 Surendranagar Muli Muli 
NRCG 09001 A Moderate 3.28 Rajkot Dhoraji Dhoraji 
NRCG 09002 A Moderate 0 Rajkot Upleta Upleta 
NRCG 09005 A Moderate 3.78 Rajkot Lodhika Paldi 
NRCG 10001 A Non 0 Porbandar Keshod Manekvad 
NRCG 10002 A Non 1.66 Porbandar Keshod Gadu 
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NRCG 10003 A Moderate 58.21 Porbandar Maliya Korsa 
NRCG 10004 A Non 0 Porbandar Veraval Veraval 
NRCG 10005 A Non 0 Porbandar Veraval Somnath 
NRCG 10006 A Non 0 Porbandar Veraval Virodar 
NRCG 10007 A Non 0 Porbandar Kodinar Kodinar 
NRCG 10008 A High 0 Porbandar Porbandar Porbandar 
NRCG 10009 A Non 4.67 Porbandar Madhavpur Ratiya 
NRCG 01003 B Non 1.05 Junagadh Junagadh Market Yard 
NRCG 01007 B Non 3.68 Junagadh Manavadar Vedava 
NRCG 01028 B Non 9.25 Junagadh Veraval Ajotha 
NRCG 01037 B Non 0 Junagadh Mangrol Loaj 
NRCG 01044 B Moderate 1.67 Junagadh Talala Talala 
NRCG 01054 B Moderate 6.25 Junagadh Talalaa Jepur 
NRCG 02019 B Non 0 Amreli Dhari Trambakpur 
NRCG 02025 B Non 0 Amreli Rajula Rampara 
NRCG 02028 B Moderate 0 Amreli Rajula Rampara 
NRCG 02041 B Non 2.62 Amreli Amreli Morjar 
NRCG 03003 B Moderate 8.99 Bhuj Nakhatrana Vadla 
NRCG 03015 B Non 0 Bhuj Azmer Senagra 
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NRCG 03019 B Non 0 Bhuj Anjar Patya 
NRCG 03020 B Non 0 Bhuj Anjar Patya 
NRCG 03025 B Non 0 Bhuj Bhuj Deshalpur 
NRCG 03034 B Moderate 0 Bhuj Nakhatrana Nakhatrana 
NRCG 06005 B Moderate 0 SK Nagar Talod Talod 
NRCG 06010 B High 267.84 SK Nagar Talod Talod 
NRCG 06014 B High 132.35 SK Nagar Talod Talod 
NRCG 06017 B High 257.24 SK Nagar Talod Talod 
NRCG 01042 G Moderate 6.14 Junagadh Talala Jepur 
NRCG 02026 G Moderate 0 Amreli Rajula Rampara 
NRCG 02027 G Non 0 Amreli Rajula Rampara 
NRCG 02033 G Non 0 Amreli Amreli Gavadaka 
NRCG 02036 G Non 0 Amreli Amreli Gavadaka 
NRCG 02042 G Moderate 1.72 Amreli Rajula Kotadi 
NRCG 02043 G Non 4.72 Amreli Vadiya Rampar 
NRCG 03033 G Non 3.05 Bhuj Bhuj Bhuj 
NRCG 03035 G Non 0 Bhuj Mandavi Kharod 
NRCG 03036 G Non 0 Bhuj Anjar Adipur 
NRCG 07003 G Moderate 1.75 Jamnagar Jamnagar Jamnagar 
  
 
127 
 
NRCG 09004 G High 118.15 Rajkot Gondal Jamvadi 
SEm+ - - 0.84 - - - 
CD (P=0.01) - - 3.10 - - - 
CV % - - 3.43 - - - 
 *Based on color development as shown in Fig 18 
 
Table 22: District wise aflatoxigenicity of isolates of Aspergillus flavus from different morphological groups  
 
Districts Groups Total 
no. 
Aflatoxigenicity 
By ELISA By NH4+ vapor method 
   Non 
toxic 
Moderate  High  Non 
toxic  
Moderate High 
Junagadh A 45 35 10 0 21 21 3 
 B 6 4 2 0 4 2 0 
 G 1 0 1 0 0 1 0 
 Total 52 39 13 0 25 24 3 
Amreli A 19 10 7 2 11 6 2 
 B 4 4 0 0 3 1 0 
 G 6 6 0 0 4 2 0 
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 Total 29 20 7 2 18 9 2 
Bhuj A 11 7 3 1 4 7 0 
 B 6 5 1 0 4 2 0 
 G 3 3 0 0 3 0 0 
 Total 20 15 4 1 11 9 0 
Anand A 2 0 0 2 0 0 2 
 B 0 0 0 0 0 0 0 
 G 0 0 0 0 0 0 0 
 Total 2 0 0 2 0 0 2 
Bhavnagar A 24 14 6 4 10 11 3 
 B 0 0 0 0 0 0 0 
 G 0 0 0 0 0 0 0 
 Total 24 14 6 4 10 11 3 
SK Nagar A 17 6 1 10 3 5 9 
 B 4 1 0 3 0 1 3 
 G 0 0 0 0 0 0 0 
Total 21 7 1 13 3 6 12 
Jamnagar A 3 2 1 0 1 2 0 
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 B 0 0 0 0 0 0 0 
 G 1 1 0 0 0 1 0 
 Total 4 3 1 0 1 3 0 
Surendranagar A 22 19 3 0 8 14 0 
 B 0 0 0 0 0 0 0 
 G 0 0 0 0 0 0 0 
 Total 22 19 3 0 8 14 0 
Rajkot A 3 3 0 0 0 3 0 
 B 0 0 0 0 0 0 0 
 G 1 0 0 1 0 0 1 
 Total 4 3 0 1 0 3 1 
Porbandar A 9 8 0 1 7 1 1 
 B 0 0 0 0 0 0 0 
 G 0 0 0 0 0 0 0 
 Total 9 8 0 1 7 1 1 
 Grand 
Total 
187 128 35 24 83 80 24 
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Based on indirect competitive ELISA of 187 isolates, 128 isolates were 
found to be non-toxigenic constituting 68.5 % of the total isolates. Among 187 
isolates, 35 isolates were moderately toxigenic constituting 18.7 % of the total 
isolates whereas 24 isolates (12.8 %) were highly toxigenic (Table 22, 23 & 
24).  Ammonia vapor method also was used to asses toxigenicity and it was 
found that of the 187 isolates, 83 were non-toxigenic constituting 44.4 % of the 
total isolates, 80 were moderately toxigenic constituting 42.8 % and only 24 
isolates (12.8 %) were highly toxigenic (Table 22, 23 & 24). By comparing the 
data of these two methods it was found that both methods showed 12.8% 
isolates to be highly toxigenic. Some of the isolates, which could be identified 
as non-toxigenic by indirect competitive ELISA were identified as moderately 
toxigenic by Ammonia vapor test and vice versa. Due to very less afltatoxin 
content some times color development may not occur and hence, might have 
identified as non-toxigenic. But the same isolate when analysed by ELISA 
gave some  quantities higher than 5 ppb and hence, included under moderately 
toxigenic isolate, e.g. NRCG 01035, NRCG 01056, NRCG 01068, NRCG 
01073, NRCG 01075, NRCG 02040, etc. (Table 21). Thus, it is clear that 
Ammonia vapor test may be useful for preliminary screening of large number 
of samples but indirect competitive ELISA method should be used for accurate 
quantification of the aflatoxin content in samples. 
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Table 23: Aflatoxigenicity of Aspergillus flavus isolates in culture filtrate by 
indirect competitive ELISA 
Aflatoxigenicity group  AFB1 (ppb) Total 
Non- toxigenic >5 128 
Moderate toxigenic 5 to 49 35 
Highly toxigenic >49 24 
 
Table 24: Aflatoxigenicity of isolates of different morphological groups of 
Aspergillus flavus 
Sl. 
No. 
Group of 
the spp. 
Total 
no. 
Aflatoxigenicity by ELISA 
(in µgkg-1)  
Aflatoxigenicity by NH4+ 
vapor method** 
   
Nontoxic  
(< 5)  
Moderate 
(5-49) 
High 
(>49) 
Nontoxic  
 
Moderate High 
1 Group A 155 
104 
(67.10)* 
31 
 (20.00) 
20 
(12.90) 
65 
(41.94) 
70 
(45.16) 
20 
(12.90) 
2 Group B 20 
14 
(70.00) 
3 
(15.00) 
3 
(15.00) 
11 
(55.00) 
6 
(30.00) 
3 
(15.00) 
3 Group G 12 
10 
(83.33) 
1 
(8.33) 
1 
(8.33) 
7 
(58.33) 
4 
(33.33) 
1 
(8.33) 
* Figures in parenthesis are % of total isolates 
** Based on development of color upon NH4+ treatment 
The aflatoxins are secondary metabolite produced mainly by 
Aspergillus flavus, and A. parasiticus. Other species of Aspergillus such as A. 
ruber, A. oryzae (Bassappa  et al., 1967), A. ostianus (Scott et al., 1967), A. 
fumigatus (Tilden et al., 1961) and A. nomius (Kurtzman et al.,1987) also have 
been reported to be aflatoxigenic. However, not all strains of species of 
Aspergillus are toxigenic and among aflatoxigenic strains also, the capability 
to produce aflatoxins vary across the strains (Jarvis, 1971; Patel et al., 1981). 
Davis and Diener (1970) found about 86 % of strains isolated from groundnut 
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in United States were toxigenic strains. In the present study also it was 
observed that 68.5 % of isolates did not produce aflatoxin as tested by indirect 
competitive ELISA. Similar findings have been reported by Chourasia and 
Sinha (1994) and Raina (2005). Characterization of these strains for their 
aflatoxin producing capability would be useful to identify regions that have 
non-aflatoxin native populations that could be used as potential regions for the 
production of food purpose groundnut. Further, identification of non-
aflatoxigenic strains with better competitive saprophytic ability and 
rhizosphere competence would help in deploying these strains as biological 
agents to tackle aflatoxin contamination. Dorner et al. (1992) have utilized 
such non-aflatoxigenic strains of A. parasiticus for successful management of 
aflatoxin in peanut soils. Based on this approach some commercial products, 
e.g. AFLA-GUARD® have already been tested in groundnut fields as an 
aflatoxin biocontrol agent in western countries. Dorner and Lamb (2006) 
applied AFLA-GUARD® as a biopesticide to approximately 2000 ha of 
groundnut in Georgia and Alabama during 2004 crop year. By using AFLA-
GUARD® they noticed a change in composition of A. flavus soil population 
from an average 71.1 % toxigenic strains in untreated fields to only 4.0% in 
treated soils, in similar way aflatoxin averaged 78.9 ng g-1 in untreated 
groundnut compared with 11.7 ng g-1 in treated groundnut with 85.2% 
reduction. 
 
4.3 Sclerotial production v/s toxigenicity of isolates of A. flavus 
All the 187 isolates of Aspergillus flavus at NRCG accession were 
characterized for sclerotial producing ability vis-à-vis toxigenicity. The isolates 
produced sclerotia of varying size ranging from 587 to 1349 µm. No 
significant correlation was found between sclerotial production and the 
aflatoxigenicity of the isolates (Fig. 20). Bennett et al. 1979 has also reported 
that there is no correlation between sclerotial production and the 
aflatoxigenicity of the isolates of Aspergillus species.  
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Figure 20: Correlation between sclerotial size and aflatoxin content of isolates 
of A. flavus 
 
4.4 Diversity Analysis of isolates 
Diversity analysis of all 187 Aspergillus flavus isolates was done on the 
basis of morphological characters (morphological group of isolates, colony 
diameter, number of sclerotia and size of sclerotia) and aflatoxigenicity. 
Clustering of isolates was done using Euclidean distance parameters (average 
linkage method) and principal component analysis (PCA) was carried out. On 
the basis of diversity analysis the isolates could be grouped into fifteen distinct 
clusters (Fig 21). The number of isolates included in each cluster varied. 
Cluster X consisted of maximum of 31 isolates whereas cluster XV consisted 
of minimum of only 2 isolates. Isolates NRCG 06017 and NRCG 02026 were 
similar to each other and found most distinct from rest of the isolates. It was 
also observed that none of B group  
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Figure 21: Average LINKAGE Dendrogram based on morphological characters of A. 
flavus 
 
Cont. 
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and G group isolates showed similarity to A group isolates, hence grouped in 
different clusters. All group A isolates may be grouped into ten different 
clusters viz., cluster I, II, III, IV, V, VI, VIII, IX, X and XI. All B group 
isolates were grouped together in cluster XII while, all G group isolates were 
grouped together in cluster XIV and XV. Two clusters viz., VII and XIII 
consisted of both group B and group G types of isolates. Thus, it was found 
that all group A isolates were completely distinct from B and G group isolates 
on the other hand Group B and G isolates showed some common types of 
characters, hence could grouped together in clustering. Group A, B and G 
isolates were differing for its morphological and growth characters as shown in 
table 13. As for as morphology is concerned it has been observed that group G 
isolates are more similar to group A isolates, except front colony color, 
whereas group B isolates are completely differing for morphology as well as 
growth habit. In the dendrogram also it has been observed that group G isolates 
are completely apart from the grop B isolates and showing closeness to group 
A isolates (Fig 21). Contribution of the five characters toward divergence of 
the isolates through PCA revealed that in vector I (Z1) the important characters 
responsible for genetic divergence were morphological group (0.52) and 
colony diameter (0.27), while in vector II (Z2) colony diameter (0.67), number 
of sclerotia (0.56), size of sclerotia (0.42) and morphological group (0.33), 
indicating the importance of these characters in the diversity of isolates. 
Aflatoxigenicity did not contribute to the diversity of isolates. Mc Alpin et al. 
(1998) reached to the similar conclusion by studying genotypic diversity of 
Aspergillus parasiticus and Aspergilluls flavus soil isolates from peanut field 
in Illinois, which were both sclerotia producing type and non sclerotia 
producing types as well as aflatoxin producers. Bayman and Cotty (1993) also 
studied genetic diversity in Aspergillus flavus in association with aflatoxin 
production and morphology, they concluded that morphological characters 
significantly contributed towards diversity analysis while, aflatoxigenicity did 
not. Thus, it may be said that morphological characters of Aspergillus flavus 
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may be good enough for diversity analysis, while aflatoxigenicity may not be 
contributing to this purpose. 
 
4.5 Molecular Characterization 
 
4.5.1 Quantity and quality test of genomic DNA isolated from mycelium of 
Aspergillus flavus 
Genomic DNA of all 187 Aspergillus flavus isolates were isolated, 
purified and estimated as described in the materials and methods. Only those 
genomic DNA samples which had approximately 1.8 ratio between 260nm and 
280nm wave length (table 25). Quality of genomic DNA was also visually 
observed by electrophoresis on 1.0% agarose gel followed by ethidium 
bromide staining.   
 
Table 25: Quantification and quality test of genomic DNA of isolates of 
Aspergillus flavus 
Sample 
ID Accession No. Group 
Qty. 
(ng/ul) 260/280  
1 NRCG 01009 A 1562.62 1.94 
2 NRCG 01012 A 129.64 1.74 
3 NRCG 01016 A 293.56 1.93 
4 NRCG 01018 A 86.52 1.95 
5 NRCG 01025 A 339.88 1.90 
6 NRCG 01026 A 181.08 1.86 
7 NRCG 01031 A 130.06 1.96 
8 NRCG 01032 A 70.87 1.96 
9 NRCG 01035 A 509.46 1.91 
10 NRCG 01036 A 990.07 1.96 
11 NRCG 01038 A 1900.34 1.83 
12 NRCG 01039 A 4919.10 1.75 
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13 NRCG 01040 A 377.16 1.96 
14 NRCG 01041 A 341.97 1.96 
15 NRCG 01043 A 904.37 1.89 
16 NRCG 01045 A 1114.24 1.86 
17 NRCG 01046 A 690.43 1.85 
18 NRCG 01047 A 1521.50 1.90 
19 NRCG 01048 A 1606.21 1.90 
20 NRCG 01049 A 1245.56 1.90 
21 NRCG 01051 A 4942.25 1.77 
22 NRCG 01052 A 4292.59 1.82 
23 NRCG 01053 A 505.61 1.85 
24 NRCG 01055 A 385.52 1.84 
25 NRCG 01056 A 4407.99 1.83 
26 NRCG 01057 A 3407.94 1.87 
27 NRCG 01058 A 608.37 1.87 
28 NRCG 01059 A 904.38 1.90 
29 NRCG 01060 A 3921.78 1.84 
30 NRCG 01061 A 567.57 1.88 
31 NRCG 01062 A 4120.03 1.86 
32 NRCG 01063 A 1370.51 1.83 
33 NRCG 01064 A 2192.24 1.91 
34 NRCG 01065 A 3559.09 1.89 
35 NRCG 01066 A 1436.24 1.83 
36 NRCG 01067 A 3452.45 1.86 
37 NRCG 01068 A 2736.93 1.91 
38 NRCG 01069 A 643.01 1.77 
39 NRCG 01070 A 1367.69 1.90 
40 NRCG 01071 A 1081.60 1.91 
41 NRCG 01073 A 932.03 1.90 
42 NRCG 01074 A 872.79 1.90 
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43 NRCG 01075 A 828.99 1.89 
44 NRCG 01076 A 907.03 1.91 
45 NRCG 01077 A 837.60 1.90 
46 NRCG 02002 A 758.82 1.95 
47 NRCG 02004 A 434.66 1.94 
48 NRCG 02007 A 1094.50 1.93 
49 NRCG 02008 A 256.31 1.93 
50 NRCG 02009 A 232.59 1.87 
51 NRCG 02011 A 357.31 1.93 
52 NRCG 02013 A 220.62 1.92 
53 NRCG 02014 A 386.95 1.92 
54 NRCG 02017 A 773.25 1.91 
55 NRCG 02021 A 691.36 1.92 
56 NRCG 02024 A 799.52 1.90 
57 NRCG 02029 A 676.85 1.83 
58 NRCG 02031 A 750.48 1.95 
59 NRCG 02034 A 930.56 1.93 
60 NRCG 02035 A 900.57 1.93 
61 NRCG 02037 A 817.80 1.90 
62 NRCG 02038 A 572.36 1.88 
63 NRCG 02039 A 525.96 1.87 
64 NRCG 02040 A 658.94 1.90 
65 NRCG 03005 A 874.64 1.94 
66 NRCG 03007 A 541.57 1.81 
67 NRCG 03024 A 1223.57 1.93 
68 NRCG 03026 A 1100.35 1.93 
69 NRCG 03027 A 939.88 1.92 
70 NRCG 03028 A 943.93 1.91 
71 NRCG 03029 A 656.59 1.85 
72 NRCG 03030 A 920.99 1.88 
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73 NRCG 03031 A 935.68 1.91 
74 NRCG 03032 A 969.90 1.90 
75 NRCG 03037 A 771.63 1.90 
76 NRCG 04005 A 5692.92 1.86 
77 NRCG 04010 A 1128.18 1.86 
78 NRCG 05005 A 428.53 1.86 
79 NRCG 05010 A 4884.38 1.73 
80 NRCG 05011 A 514.50 1.91 
81 NRCG 05016 A 790.51 1.88 
82 NRCG 05017 A 664.38 1.93 
83 NRCG 05018 A 599.36 1.89 
84 NRCG 05019 A 628.02 1.91 
85 NRCG 05020 A 561.23 1.90 
86 NRCG 05021 A 413.30 1.89 
87 NRCG 05022 A 414.49 1.89 
88 NRCG 05023 A 499.94 1.90 
89 NRCG 05024 A 229.17 1.81 
90 NRCG 05025 A 1389.98 1.87 
91 NRCG 05026 A 1441.99 1.88 
92 NRCG 05027 A 1458.81 1.88 
93 NRCG 05028 A 1373.32 1.86 
94 NRCG 05029 A 1155.71 1.87 
95 NRCG 05030 A 1364.25 1.86 
96 NRCG 05031 A 1287.84 1.86 
97 NRCG 05032 A 1161.58 1.86 
98 NRCG 05033 A 1137.13 1.85 
99 NRCG 05034 A 1246.77 1.85 
100 NRCG 05035 A 261.75 1.90 
101 NRCG 05036 A 333.72 1.91 
102 NRCG 06001 A 5335.31 1.64 
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103 NRCG 06002 A 246.64 1.96 
104 NRCG 06003 A 255.85 1.95 
105 NRCG 06004 A 1345.65 1.87 
106 NRCG 06006 A 1281.91 1.86 
107 NRCG 06007 A 1351.67 1.87 
108 NRCG 06008 A 479.91 1.90 
109 NRCG 06009 A 1297.26 1.87 
110 NRCG 06011 A 901.45 1.89 
111 NRCG 06012 A 342.01 1.92 
112 NRCG 06013 A 1362.40 1.87 
113 NRCG 06015 A 1378.35 1.86 
114 NRCG 06016 A 349.24 1.93 
115 NRCG 06018 A 462.06 1.86 
116 NRCG 06019 A 524.28 1.87 
117 NRCG 06020 A 342.17 1.95 
118 NRCG 06021 A 418.71 1.94 
119 NRCG 07001 A 491.45 1.93 
120 NRCG 07002 A 495.70 1.93 
121 NRCG 07004 A 112.38 1.98 
122 NRCG 08001 A 172.37 1.91 
123 NRCG 08002 A 145.25 1.93 
124 NRCG 08003 A 773.17 1.84 
125 NRCG 08004 A 1276.81 1.88 
126 NRCG 08005 A 1329.92 1.85 
127 NRCG 08006 A 376.55 1.92 
128 NRCG 08007 A 420.93 1.69 
129 NRCG 08008 A 476.37 1.87 
130 NRCG 08009 A 731.64 1.93 
131 NRCG 08010 A 865.53 1.91 
132 NRCG 08011 A 433.13 1.86 
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133 NRCG 08012 A 864.11 1.80 
134 NRCG 08013 A 509.57 1.90 
135 NRCG 08014 A 535.00 1.92 
136 NRCG 08015 A 402.98 1.79 
137 NRCG 08016 A 454.90 1.79 
138 NRCG 08017 A 436.23 1.92 
139 NRCG 08018 A 342.23 1.94 
140 NRCG 08019 A 378.63 1.94 
141 NRCG 08020 A 242.38 1.90 
142 NRCG 08021 A 435.31 1.90 
143 NRCG 08022 A 201.21 1.93 
144 NRCG 09001 A 244.02 1.86 
145 NRCG 09002 A 208.51 1.94 
146 NRCG 09005 A 452.38 1.91 
147 NRCG 10001 A 482.37 1.91 
148 NRCG 10002 A 274.54 1.79 
149 NRCG 10003 A 1366.46 1.87 
150 NRCG 10004 A 1071.43 1.95 
151 NRCG 10005 A 503.37 1.94 
152 NRCG 10006 A 434.02 1.91 
153 NRCG 10007 A 199.19 1.96 
154 NRCG 10008 A 314.59 1.96 
155 NRCG 10009 A 317.57 1.93 
156 NRCG 01003 B 759.57 1.87 
157 NRCG 01007 B 158.01 1.96 
158 NRCG 01028 B 128.98 1.73 
159 NRCG 01037 B 1322.88 1.87 
160 NRCG 01044 B 1269.86 1.86 
161 NRCG 01054 B 4198.21 1.81 
162 NRCG 02019 B 1387.97 1.86 
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163 NRCG 02025 B 844.12 1.87 
164 NRCG 02028 B 811.63 1.86 
165 NRCG 02041 B 765.92 1.85 
166 NRCG 03003 B 2513.17 1.86 
167 NRCG 03015 B 867.59 1.89 
168 NRCG 03019 B 3284.04 1.86 
169 NRCG 03020 B 3658.78 1.88 
170 NRCG 03025 B 1198.61 1.92 
171 NRCG 03034 B 1169.46 1.91 
172 NRCG 06005 B 395.72 1.91 
173 NRCG 06010 B 1582.67 1.85 
174 NRCG 06014 B 1263.48 1.92 
175 NRCG 06017 B 943.44 1.86 
176 NRCG 01042 G 642.03 1.82 
177 NRCG 02026 G 1548.05 1.93 
178 NRCG 02027 G 2730.13 1.94 
179 NRCG 02033 G 4551.10 1.81 
180 NRCG 02036 G 5359.93 1.64 
181 NRCG 02042 G 3162.92 1.94 
182 NRCG 02043 G 3979.73 1.90 
183 NRCG 03033 G 3594.60 1.88 
184 NRCG 03035 G 3225.94 1.96 
185 NRCG 03036 G 4311.28 1.88 
186 NRCG 07003 G 3319.12 1.90 
187 NRCG 09004 G 2239.09 1.94 
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4.5.2 Analysis of the ITS (Internally Transcribed Spacer) regions of the 
isolates of Aspergillus flavus 
The ITS region of the 187 Aspergillus flavus isolates were amplified 
using the primer combination ITS 1 (5’TCC GTA GGT GAA CCT GCG G3’) 
&  ITS 2 (5’ GCT GCG TTC TTC ATC GAT GC3’), ITS 3 (5'-GCA TCG 
ATG AAG AAC GCA GC-3') & ITS 4 (5'-TCC TCC GCT TAT TGA TAT 
GC-3') and ITS 1 (5’TCC GTA GGT GAA CCT GCG G3’) and ITS 4 (5’TCC 
TCC GCT TAT TGA TAT GC3’) as described by White et al. (1990). The 
sizes of ITS–I and ITS–II spacer regions were  approximately 200 and 350 bp 
respectively and size of ITS I-5.8s rRNA gene-ITS II whole region was 
approximately 600 bp  (Tables 26 and Fig 22, 24 & 26 ). The ITS–I spacer 
region was present in 184 (98.4%) isolates and the size of amplified fragments 
were observed in the range of 195-285 bp (Table 26 and Fig 23). Two isolates 
viz., NRCG 06008 and NRCG 06019 showed two amplified fragments when 
amplified with the primer combination ITS 1 and ITS 2. ITS I region of all 
isolates showed much variation in its fragment size (Fig 23). It was observed 
that only three isolates did not amplify ITS I region, probably because the 
sequence of primers may not match with flanking region due to mutations. 
Fragment size of 204 bp, 213 bp and 279 bp were found in three groups of 
isolates respectively, comprising of 19 A. flavus isolates in each group (Fig 
23). There were fifteen different sizes of fragments, which could be observed 
only in one isolate each (Fig 23).  
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Table 26: PCR amplification of ITS – I, ITS I-5.8s rRNA gene-ITS II and ITS II 
spacer region of different Aspergillus flavus isolates with primer 
combination ITS 1 & ITS 2, ITS 1 & ITS 4 and ITS 3 & ITS 4. 
Accession No. Group   Observed Fragments (bp) 
ITS I ITS I-5.8s rRNA gene-ITS 
II 
ITS II 
NRCG 01009 A 214 587 350 
NRCG 01012 A 230 587 350 
NRCG 01016 A 230 571 350 
NRCG 01018 A 230 555 350 
NRCG 01025 A 230 524 350 
NRCG 01026 A 230 555 350 
NRCG 01031 A 230 555 350 
NRCG 01032 A 230 555 350 
NRCG 01035 A 230 524 350 
NRCG 01036 A 214 524 350 
NRCG 01038 A 224 - - 
NRCG 01039 A 224 555 350 
NRCG 01040 A 214 524 350 
NRCG 01041 A 214 524 350 
NRCG 01043 A 224 - - 
NRCG 01045 A 205 573 - 
NRCG 01046 A 235 625 335 
NRCG 01047 A 227 645 - 
NRCG 01048 A 231 635 352 
NRCG 01049 A 235 656 356 
NRCG 01051 A 227 655 356 
NRCG 01052 A 231 679 - 
NRCG 01053 A 195 613 360 
NRCG 01055 A 202 593 360 
NRCG 01056 A 224 635 - 
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NRCG 01057 A 227 545 - 
NRCG 01058 A 231 545 - 
NRCG 01059 A 224 545 352 
NRCG 01060 A 279 545 349, 258 
NRCG 01061 A 279 529 349 
NRCG 01062 A 279 544 349, 261 
NRCG 01063 A 279 524 366, 261 
NRCG 01064 A 279 545 - 
NRCG 01065 A 279 563 379 
NRCG 01066 A 279 529 374 
NRCG 01067 A 279 529 370 
NRCG 01068 A 279 545 366 
NRCG 01069 A 279 545 366 
NRCG 01070 A 279 545 - 
NRCG 01071 A 279 563 - 
NRCG 01073 A 279 654 322 
NRCG 01074 A 279 654 322 
NRCG 01075 A 279 635 322 
NRCG 01076 A 279 654 322 
NRCG 01077 A 279 631 - 
NRCG 02002 A 279 631 322 
NRCG 02004 A 279 635 322 
NRCG 02007 A 226 631 322 
NRCG 02008 A 226 607 - 
NRCG 02009 A 226 587 322 
NRCG 02011 A 226 576 322 
NRCG 02013 A 226 601 322 
NRCG 02014 A 226 576 322 
NRCG 02017 A 226 576 322 
NRCG 02021 A 226 601 322 
NRCG 02024 A 226 601 322 
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NRCG 02029 A 226 601 - 
NRCG 02031 A 226 614 - 
NRCG 02034 A 226 614 - 
NRCG 02035 A 249 625 376 
NRCG 02037 A 249 601 - 
NRCG 02038 A 249 601 376 
NRCG 02039 A 249 601 376 
NRCG 02040 A 249 601 - 
NRCG 03005 A 249 625 376 
NRCG 03007 A 249 601 376 
NRCG 03024 A 249 620 376 
NRCG 03026 A 249 601 - 
NRCG 03027 A 249 - - 
NRCG 03028 A 249 522 - 
NRCG 03029 A 235 555 367 
NRCG 03030 A 235 567 391 
NRCG 03031 A 204 583 - 
NRCG 03032 A 204 583 - 
NRCG 03037 A 204 587 - 
NRCG 04005 A 204 600 375 
NRCG 04010 A 204 587 375 
NRCG 05005 A 204 600 375 
NRCG 05010 A 204 555 391 
NRCG 05011 A 204 567 384 
NRCG 05016 A 204 447 - 
NRCG 05017 A 204 447 370 
NRCG 05018 A 204 447 364 
NRCG 05019 A 204 447 339 
NRCG 05020 A 204 447 - 
NRCG 05021 A 204 625 339 
NRCG 05022 A 204 447 339 
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NRCG 05023 A 204 447 339 
NRCG 05024 A 204 625 339 
NRCG 05025 A 204 625 339 
NRCG 05026 A 204 630 339 
NRCG 05027 A 239 482 339 
NRCG 05028 A 239 - - 
NRCG 05029 A 239 - - 
NRCG 05030 A 216 519 - 
NRCG 05031 A 216 - - 
NRCG 05032 A 216 - - 
NRCG 05033 A 216 - - 
NRCG 05034 A 223 - - 
NRCG 05035 A 232 624 339 
NRCG 05036 A 232 600 339 
NRCG 06001 A 210 555 - 
NRCG 06002 A 210 587 357 
NRCG 06003 A 251 577 357 
NRCG 06004 A 226 - - 
NRCG 06006 A 230 - - 
NRCG 06007 A 223 - - 
NRCG 06008 A 267, 219 - - 
NRCG 06009 A 214 - - 
NRCG 06011 A 245 594 - 
NRCG 06012 A 253 511 - 
NRCG 06013 A 228 - - 
NRCG 06015 A 233 - - 
NRCG 06016 A 256 511 357 
NRCG 06018 A 223 - - 
NRCG 06019 A 264, 216 - - 
NRCG 06020 A 213 538 391 
NRCG 06021 A 213 537 391 
 150
NRCG 07001 A 213 506 - 
NRCG 07002 A 213 522 - 
NRCG 07004 A 213 537 386 
NRCG 08001 A 213 477 386 
NRCG 08002 A 213 506 354 
NRCG 08003 A 213 - - 
NRCG 08004 A 213 492 375 
NRCG 08005 A 213 506 380 
NRCG 08006 A 213 506  
NRCG 08007 A 213 477 - 
NRCG 08008 A 213 522 - 
NRCG 08009 A 213 - - 
NRCG 08010 A 213 620 280 
NRCG 08011 A 213 537 309 
NRCG 08012 A 213 522 - 
NRCG 08013 A 213 587 364 
NRCG 08014 A 213 587 364 
NRCG 08015 A 263 607 364 
NRCG 08016 A 263 607 376 
NRCG 08017 A 263 607 290 
NRCG 08018 A 263 607 - 
NRCG 08019 A 263 587 364 
NRCG 08020 A 263 607 364 
NRCG 08021 A 263 587 364 
NRCG 08022 A 263 587 364 
NRCG 09001 A 263 607 364 
NRCG 09002 A 263 607 364 
NRCG 09005 A 263 599 364 
NRCG 10001 A 263 599 405 
NRCG 10002 A 263 599 405 
NRCG 10003 A 263 625 311 
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NRCG 10004 A - 599 405 
NRCG 10005 A - 599 405 
NRCG 10006 A 253 572 405 
NRCG 10007 A 253 572 405 
NRCG 10008 A 253 572 373 
NRCG 10009 A 285 572 386 
NRCG 01003 B 264 547 386 
NRCG 01007 B 264 586 386 
NRCG 01028 B 264 572 386 
NRCG 01037 B 264 620 363, 279 
NRCG 01044 B 264 620 363, 279 
NRCG 01054 B 264 586 363 
NRCG 02019 B 264 586 - 
NRCG 02025 B 264 599 363 
NRCG 02028 B 264 600 363 
NRCG 02041 B 264 538 363 
NRCG 03003 B 264 587 363 
NRCG 03015 B 264 587 363 
NRCG 03019 B 197 584 - 
NRCG 03020 B 207 587 363 
NRCG 03025 B 217 555 363 
NRCG 03034 B 220 538 363 
NRCG 06005 B - 604 - 
NRCG 06010 B 222 575 375 
NRCG 06014 B 236 565 375 
NRCG 06017 B 214 584 375 
NRCG 01042 G 239 - - 
NRCG 02026 G 228 635 375 
NRCG 02027 G 222 721 375 
NRCG 02033 G 238 655 375 
NRCG 02036 G 238 655 375 
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NRCG 02042 G 238 635 375 
NRCG 02043 G 231 615 375 
NRCG 03033 G 231 635 375 
NRCG 03035 G 231 615 375 
NRCG 03036 G 231 625 375 
NRCG 07003 G 238 572 375 
NRCG 09004 G 224 596 375 
 
The ITS–II spacer region was present in 129 isolates (68.9 %) and the 
size of amplified fragments was observed in the range of 280-405 bp (Table 
26, Fig 24 and 25). Five isolates viz., NRCG 01060, NRCG 01062, NRCG 
01063, NRCG 01037 and NRCG 01044 showed two amplified fragments 
when amplified with the primer combination ITS 3 and ITS 4 (Table 26). 
Considerably high variation was also observed for fragment size of ITS II 
region corresponding to all isolates studied (Fig 24). Fifty eight isolates did not 
not show amplification for ITS II region, which may be due to loss in 
sequences of flanking region and primer might not found complementary 
sequence for annealing. Fragment size of 375 bp was found in maximum 
number of isolates (18) followed by 322 bp (14) and 350 bp (13). There were 
fifteen fragments of different sizes and none were common to all isolates (Fig 
25).  
 
 
 
 
  
 
153 
 
 
 
Figure 22: PCR amplification of ITS I region of Aspergillus flavus isolates 
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Figure 23: Frequency distribution of isolates having similar size of fragments 
amplified by ITS-1 and ITS-2 primer combination showing ITS I 
region. 
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Figure 24: PCR amplification of ITS II region of Aspergillus flavus isolates 
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Figure 25: Frequency distribution of isolates having similar size of fragments amplified 
by ITS-3 and ITS-4 primer combination showing ITS II region. 
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Figure 26: PCR amplification of ITS I-5.8s rRNA gene-ITS II region of 
Aspergillus flavus isolates 
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Figure 27: Frequency distribution of isolates having similar size of fragments 
amplified by ITS-1 and ITS-4 primer combination showing ITS I-5.8s 
rRNA gene-ITS II region. 
 
 The ITS I-5.8s rRNA gene-ITS II whole region was present in 166 
isolates (88.8%)  and the size of amplified fragments were observed in the 
range of 550 bp to 650 bp approximately (Table 26 and Fig 26). Fortysix 
isolates (24.6%) had amplified fragments smaller than 550 bp, where as more 
than 650 bp fragment was observed only in 9 isolates (4.8%) (Fig 27).The 
whole region, i.e. ITS I-5.8s rRNA gene-ITS II could not be amplified in 21 
isolates and hence, no fragments were observed. Fragment size of 601 bp was 
found in maximum number of isolates, i.e. 10, followed by 587 bp and 545 bp 
fragment size in 8 isolates respectively (Fig 27). There were twenty four 
different sizes of fragments and none were common to any isolate (Fig 27). 
The isolates showing much deviation from the expected fragment size were 
further confirmed by single strand conformation polymorphism.  
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Figure 28: Composite dendrogram of A. flavus isolates based on differences in 
ITS region 
 
Cont. 
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 A composite dendrogram was also prepared using Euclidian distance. 
Based on composite dendrogram, all the 187 A. flavus isolates could be divided 
into 13 distinct clusters (Fig 28). Out of 13 clusters, 10 clusters consisted of 
only A. flavus isolates of group A, viz., cluster II, III, IV, V, VI, VIII, IX, X, XI 
and XII. Cluster I consisted of 9 (75%) group G isolates, where as Cluster XIII 
consisted of 15 (75%) group B isolates. Other 25% group B and G isolates 
were in cluster I and VII. Using ITS primers all 187 A. flavus isolates could be 
classified in distinct clusters, in addition to that group B and G isolates could 
also be clustered in distinct clusters (Fig 28).  
 It was also observed that ITS I region was present in 184 isolates (where 
as ITS II region was present in 129 isolates only. The most probable reason for 
non amplification of spacer regions may be non availability of complementary 
sites to the primers used; which might have resulted from deletion or addition 
of nucleotids.The whole region comprising of ITS I, 5.8s rRNA gene and ITS 
II was amplified in 166 isolates. It was also observed that in the isolates, where 
this region was not amplified, either ITS I or ITS II region only was amplified. 
The small-subunit, 5.8S from all fungi analyzed were conserved, but small 
differences mainly in size of the fragments were observed (Table 26). Both 
ITS I and ITS II regions are quite diverse and distinctions among isolates have 
been observed, e.g. isolates NRCG 06008 & NRCG 06019 showed two 
fragments, when amplified for ITS I region, where as all other isolates showed 
only one fragment (Table 26). In similar way two fragments were observed in 
the isolates NRCG 01037, NRCG 01044, NRCG 01060, NRCG 01062 and 
NRCG 01063 for ITS II region, where as only one fragment was observed in 
all other isolates (Table 26). The ITS II region displayed more variation among 
isolates than the ITS I region. Similar variations have alredy been reported 
from other detailed studies earlier (Zhao et al. 2001; Henry et al., 2000 and 
Luo et al., 2000). Other researchers have also determined that if universal or 
genus-specific primers are used, the conserved regions (18S, 5.8S, and 28S) 
are the best targets, but if the species specific primers are used, the ITS region 
is the choice as the target (Zhao et al., 2001). Thus, ITS region may be used for 
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identification of some isolates of Aspergillus flavus and primary screening of 
different morphological groups.  
 
4.5.3 Single Strand Conformation Polymorphism (SSCP) Study of 
Aspergillus flavus isolates 
 
All 187 isolates were analysed for internally transcribed spacer regions 
to find the differences in different groups of Aspergillus flavus isolates. By 
analyzing the molecular data of ITS it was observed that there is much 
variation in the internally transcribed spacer I and II (ITS I and ITS II). It was 
assumed that due to differences in the fragment size of ITS I and ITS II there 
might be differences in the complete sequence of ITS I- 5.8s rRNA gene-ITS II 
hence, showing different fragment sizes. In order to confirm the differences in 
the fragment size, which were varying only for few bases, were selected (Table 
27) for further confirmation with single strand conformation polymorphism 
(SSCP). Total 50 isolates were selected and amplified with the primer 
combination ITS 1 and ITS 4 followed by run on 6 % SSCP gel (Fig 29).  
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Figure 29: SSCP gel showing differences in size of fragments of 50 isolates amplified with ITS 1 and ITS 4 primer 
combination and run on denaturing poly acrylamide gel 
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Table 27: List of Aspergillus flavus isolates used for SSCP study and observed 
fragment size 
 
Sr. 
No. 
Accession 
Number 
Fragment size 
observed on 2.5% 
Agarose gel (bp) 
Fragment size 
observed on 6% 
SSCP gel (bp) 
1 NRCG 01009 587 621 554 
2 NRCG 01018 555 628 570 
3 NRCG 01025 524 644 590 
4 NRCG 01026 555 597 531 
5 NRCG 01036 524 621 555 
6 NRCG 01039 555 624 564 
7 NRCG 01041 524 573 512 
8 NRCG 01051 655 593 532 
9 NRCG 01057 545 588 531 
10 NRCG 01063 524 588 540 
11 NRCG 01070 545 574 525 
12 NRCG 01071 563 574 525 
13 NRCG 01075 635 578 527 
14 NRCG 02004 635 577 520 
15 NRCG 02008 607 569 501 
16 NRCG 02009 587 584 515 
17 NRCG 03029 555 576 510 
18 NRCG 03030 567 564 495 
19 NRCG 03037 587 570 508 
20 NRCG 04010 587 569 513 
21 NRCG 05005 600 566 503 
22 NRCG 05010 555 570 503 
23 NRCG 05011 567 572 501 
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24 NRCG 05035 624 535 493 
25 NRCG 05036 600 532 490 
26 NRCG 06001 555 563 506 
27 NRCG 06002 587 570 519 
28 NRCG 06012 511 535 482 
29 NRCG 06020 538 530 492 
30 NRCG 08001 477 564 517 
31 NRCG 08002 506 540 484 
32 NRCG 08015 607 559 503 
33 NRCG 08016 607 534 484 
34 NRCG 08021 587 555 510 
35 NRCG 09001 607 535 484 
36 NRCG 10008 572 552 511 
37 NRCG 01028 572 550 510 
38 NRCG 02028 600 541 503 
39 NRCG 02041 538 542 500 
40 NRCG 03003 587 551 513 
41 NRCG 03015 587 550 511 
42 NRCG 03020 587 563 532 
43 NRCG 03025 555 565 532 
44 NRCG 03034 538 596 572 
45 NRCG 02026 635 573 537 
46 NRCG 02033 655 578 541 
47 NRCG 02036 655 586 540 
48 NRCG 02042 635 586 539 
49 NRCG 02043 615 582 527 
50 NRCG 07003 572 569 525 
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Single-stranded DNA bands were visualized under nonradioactive 
conditions by ethidium bromide staining. A polyacrylamide gel supplemented 
with formamide was able to run at room temperature on a vertical sequencing 
gel. The novel approach presented here is based on PCR-SSCP analysis of ITS 
I-5.8S rRNA gene-ITS II DNAs generated from Aspergillus flavus isolates. 
The ITS region amplified in the present study showed negligible 
polymorphism, where as other workers observed good amount of 
polymorphism in other fungi (Bernier et al. 1994 and Sun et al. 1994).  It was 
apparently hard to detect polymorphism at a higher resolution by agarose gel 
electrophoresis. The adoption of the SSCP technique made it possible to 
differentiate some of those isolates which could not be differentiated on the 
basis of agarose gel electrophoresis (Fig 29). Two dendrograms were prepared 
on the basis of agarose gel electrophoresis (Fig 30) and SSCP (Fig 31) banding 
pattern using average linkage between groups. On the basis of agarose gel 
electorphoresis, NRCG 07003, NRCG 01028 and NRCG 10008 were together 
in one cluster but on the basis of SSCP, NRCG 07003 could be differentiated 
from other two clusters (Fig 30 & Fig 31). In similar way nine isolates which 
were clustered together based on agarose gel electrophoresis could be 
differentiated in different clusters based on SSCP. Kumeda and Asao (1996) 
also observed little polymorphism in the ITS region DNAs with 
polyacrylamide gel electrophoresis, which was not much useful for 
classification of Aspergillus section flavi. They also used SSCP technique and 
could divide Aspergillus section flavi into four groups in accordance with the 
length polymorphism: A. flavus/A. oryzae, A. parasiticus/A. sojae, A. tamarii, 
and A. nomius. In general, the approximately 600-bp fragments used in the 
study have been considered to be too long to detect mutations by SSCP 
analysis (Ravnik-Glavac et al. 1994 and Rossetti et al. 1995). The choice of 
longer fragments, however, should allow SSCP analysis a moderate capacity to 
give each group specific pattern, regardless of the origins of the strains. The 
techniques used in this study are useful for separating the taxa studied but 
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provide no information on the taxonomic level of the differences observed. 
The resulting PCR products had some heterogeneity, including differences in 
size and SSCP patterns. Ethidium bromide, a DNA intercalating agent which 
binds to double-stranded DNA, affected PCR-SSCP analysis by binding to 
folded single strands (Rossetti et al. 1995). Ethidium bromide staining is 
inexpensive and less dangerous than radiolabelled SSCP and is easier to 
perform than silver staining. In conclusion, PCR-SSCP analysis offers further 
conformation of differentiation in isolates due to better resolution.  SSCP 
analysis is simpler, cost effective and more rapid than some other methods 
based on DNA hybridization (Kumeda and Asao 1996). Thus, it may be 
concluded that SSCP analysis may be useful for differentiation of some 
isolates, which could not be classified on the basis of agarose gel 
electorphoresis. 
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Figure 30: Dendrogram of 50 selected A. flavus isolates based on differences in 
ITS I-5.8s rRNA gene-ITS II region resolved by agarose gel 
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Figure 31: Dendrogram of 50 selected A. flavus isolates based on differences in 
ITS I-5.8s rRNA gene-ITS II region resolved by SSCP technique 
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4.5.4 Molecular Characterization of Aspergillus flavus isolates using Amplified 
Fragment Length Polymorphism (AFLP) 
 
Selected primer pair combinations (EcoRI +AA/MseI + A; EcoRI + AC/MseI 
+ G; EcoRI + AC/MseI + A; EcoRI + AC/MseI + T; EcoRI + C/MseI + CAG) 
turned out to produce a complex, well resolved fingerprint pattern (Fig 33 to 
36, 38-43, 45-51, 53-58 and 60-64). Out of five primer pair combinations four 
combinations contain single selective nucleotide for MseI and two nucleotides 
for EcoRI, where as one primer pair combination contains three selective 
nucleotides for MseI and one selective nucleotide for EcoRI. Table 35 shows 
that primer combination EcoRI + C/MseI + CAG produced maximum 
polymorphic bands (73%), where as EcoRI + AC/MseI + T produced minimum 
polymorphic bands (49%).  
 
Table 28: Isolate wise polymorphism produced by different AFLP primer 
combinations 
ISOLATES No. of polymorphic bands amplified with AFLP primers  
 
E-C/ 
M-
CAG 
E-
AC/ 
M-G 
E-
AA/ 
M-A 
E-
AC/ 
M-A 
E-
AC/ 
M-T 
Total 
polymorphic 
bands 
NRCG02035 36 42 36 29 22 165 
NRCG02024 37 45 43 33 26 184 
NRCG02029 35 42 42 34 26 179 
NRCG02021 37 44 49 33 24 187 
NRCG02040 43 34 45 35 21 178 
NRCG03005 41 37 46 34 20 178 
NRCG03007 42 36 46 35 20 179 
NRCG02034 40 47 36 33 31 187 
NRCG02031 43 44 39 32 31 189 
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NRCG02039 47 26 49 34 21 177 
NRCG02038 42 41 38 31 33 185 
NRCG02037 43 39 38 32 33 185 
NRCG01009 36 22 8 8 12 86 
NRCG09004 35 33 27 10 35 140 
NRCG07003 37 36 27 9 34 143 
NRCG03035 36 27 20 12 34 129 
NRCG03036 38 27 26 10 36 137 
NRCG02036 39 30 32 10 38 149 
NRCG02043 36 24 22 12 36 130 
NRCG02042 39 25 30 12 37 143 
NRCG03033 37 27 27 11 40 142 
NRCG01042 39 37 24 12 36 148 
NRCG02026 39 36 24 13 36 148 
NRCG02033 40 33 22 11 34 140 
NRCG02027 39 39 28 11 35 152 
NRCG01003 23 20 25 25 22 115 
NRCG01007 18 21 32 28 26 125 
NRCG01054 19 21 36 22 25 123 
NRCG02019 19 23 36 25 26 129 
NRCG01028 19 17 31 27 24 118 
NRCG01037 16 24 28 15 21 104 
NRCG01044 15 28 32 13 24 112 
NRCG03025 19 22 32 27 24 124 
NRCG06005 19 22 38 26 26 131 
NRCG03034 19 20 34 26 26 125 
NRCG03020 17 22 38 25 23 125 
NRCG06010 19 21 35 28 23 126 
NRCG06017 18 27 35 11 26 117 
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NRCG06014 18 25 35 14 24 116 
NRCG03019 17 19 27 12 20 95 
NRCG03015 17 19 36 12 24 108 
NRCG03003 17 26 33 12 25 113 
NRCG02025 16 32 34 11 24 117 
NRCG02041 17 29 35 12 26 119 
NRCG02028 16 32 34 12 23 117 
NRCG01064 48 43 37 33 44 205 
NRCG01062 52 37 25 32 45 191 
NRCG01063 50 37 26 32 46 191 
NRCG01065 50 37 29 33 41 190 
NRCG01066 38 44 36 32 44 194 
NRCG01036 48 36 32 33 50 199 
NRCG01040 51 30 23 38 47 189 
NRCG01041 52 31 33 39 47 202 
NRCG01045 42 29 29 40 54 194 
NRCG01053 42 20 34 43 52 191 
NRCG01055 45 18 36 44 53 196 
NRCG01051 52 19 34 35 49 189 
NRCG01052 53 18 29 35 48 183 
NRCG01049 53 21 30 37 51 192 
NRCG01056 49 19 33 35 52 188 
NRCG01057 53 24 26 36 53 192 
NRCG01059 48 34 40 32 55 209 
NRCG01061 49 36 28 35 50 198 
NRCG01060 49 32 40 31 49 201 
NRCG01018 41 36 32 31 61 201 
NRCG01012 48 33 29 30 48 188 
NRCG01016 45 28 31 31 56 191 
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NRCG01026 49 39 27 35 45 195 
NRCG01025 47 39 35 31 49 201 
NRCG01038 42 44 31 35 40 192 
NRCG01031 50 37 34 36 49 206 
NRCG01035 38 35 27 34 51 185 
NRCG01032 43 37 35 31 54 200 
NRCG01043 44 41 26 38 50 199 
NRCG01046 45 34 31 35 54 199 
NRCG01039 55 29 27 30 49 190 
NRCG01048 54 25 30 37 51 197 
NRCG01047 53 27 35 34 52 201 
NRCG01058 47 37 31 37 16 168 
NRCG01074 37 39 38 46 24 184 
NRCG01068 42 41 44 31 12 170 
NRCG01067 38 46 47 37 16 184 
NRCG01069 43 42 40 34 12 171 
NRCG01071 40 36 45 34 15 170 
NRCG01070 42 40 45 36 18 181 
NRCG03029 39 30 34 35 27 165 
NRCG03030 39 32 38 35 26 170 
NRCG03031 40 33 37 36 21 167 
NRCG04005 43 36 32 36 24 171 
NRCG03037 39 39 38 31 25 172 
NRCG03032 38 39 37 29 21 164 
NRCG03028 41 34 40 8 25 148 
NRCG03027 41 37 37 35 26 176 
NRCG03026 41 40 41 35 16 173 
NRCG03024 41 34 43 31 17 166 
NRCG01073 41 34 39 33 16 163 
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NRCG02011 42 47 38 36 32 195 
NRCG02013 41 46 43 39 31 200 
NRCG02017 45 42 40 32 23 182 
NRCG02014 44 44 37 33 23 181 
NRCG01075 43 35 36 37 22 173 
NRCG01076 42 39 37 38 22 178 
NRCG02002 41 37 36 37 27 178 
NRCG01077 41 38 40 37 26 182 
NRCG02007 42 39 37 33 25 176 
NRCG02004 42 41 36 35 24 178 
NRCG02008 42 39 34 32 25 172 
NRCG02009 42 42 31 33 24 172 
NRCG05023 36 37 47 31 23 174 
NRCG05022 37 35 47 32 26 177 
NRCG05010 42 33 51 31 29 186 
NRCG05005 42 40 44 33 30 189 
NRCG05011 41 39 47 33 26 186 
NRCG04010 42 38 42 29 24 175 
NRCG05021 47 37 48 9 23 164 
NRCG05018 42 36 44 32 31 185 
NRCG05020 46 36 46 35 23 186 
NRCG05016 41 40 51 26 30 188 
NRCG05019 43 39 44 32 31 189 
NRCG05017 43 38 52 30 30 193 
NRCG05035 38 37 45 31 16 167 
NRCG05036 38 49 46 31 16 180 
NRCG05033 38 34 44 32 18 166 
NRCG05032 39 30 42 29 20 160 
NRCG05034 38 38 45 33 16 170 
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NRCG05028 41 35 42 34 21 173 
NRCG05031 41 24 39 32 20 156 
NRCG05029 41 35 40 29 21 166 
NRCG05030 41 31 42 32 21 167 
NRCG05024 43 38 48 32 28 189 
NRCG05025 40 39 48 35 29 191 
NRCG05027 40 29 47 34 28 178 
NRCG05026 40 37 47 33 29 186 
NRCG06001 37 37 49 50 23 196 
NRCG06002 39 44 48 54 30 215 
NRCG06003 40 41 52 54 29 216 
NRCG06004 40 37 48 56 28 209 
NRCG06006 40 50 38 58 25 211 
NRCG06008 35 42 48 64 32 221 
NRCG06007 36 50 49 65 28 228 
NRCG06011 37 49 49 60 31 226 
NRCG06009 36 51 50 65 31 233 
NRCG06012 38 49 33 55 30 205 
NRCG06013 41 41 35 57 32 206 
NRCG06015 41 41 41 57 36 216 
NRCG06016 42 38 43 56 37 216 
NRCG06019 42 27 51 58 37 215 
NRCG06018 43 42 52 58 36 231 
NRCG06020 42 37 54 52 37 222 
NRCG06021 42 34 53 54 31 214 
NRCG10007 47 41 37 34 22 181 
NRCG10006 47 40 46 36 23 192 
NRCG10009 47 40 53 35 19 194 
NRCG10008 48 42 48 36 22 196 
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NRCG08014 44 35 48 43 23 193 
NRCG08016 43 31 46 41 20 181 
NRCG08015 42 31 48 42 20 183 
NRCG08017 42 33 49 39 21 184 
NRCG09002 45 44 50 35 22 196 
NRCG08018 42 40 44 40 23 189 
NRCG09001 43 50 43 42 24 202 
NRCG08019 42 47 51 41 24 205 
NRCG08020 43 51 54 40 23 211 
NRCG08021 40 50 55 40 24 209 
NRCG08022 43 51 48 42 24 208 
NRCG10005 46 35 45 38 20 184 
NRCG10004 40 43 47 36 20 186 
NRCG09005 44 47 46 40 19 196 
NRCG10001 44 43 52 37 23 199 
NRCG10003 43 43 48 36 22 192 
NRCG10002 42 44 52 36 23 197 
NRCG07001 44 39 40 50 7 180 
NRCG08002 45 38 45 51 32 211 
NRCG08001 42 44 46 52 32 216 
NRCG07004 44 32 46 54 33 209 
NRCG07002 44 36 49 54 32 215 
NRCG08013 44 37 45 43 21 190 
NRCG08012 44 25 47 40 24 180 
NRCG08011 43 39 49 46 23 200 
NRCG08010 46 36 48 43 23 196 
NRCG08008 44 41 46 57 23 211 
NRCG08009 44 37 45 54 25 205 
NRCG08006 44 42 44 55 30 215 
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NRCG08007 44 38 46 64 29 221 
NRCG08003 43 48 48 59 31 229 
NRCG08004 43 39 44 57 32 215 
NRCG08005 44 40 47 58 32 221 
Total 7461 6656 7347 6472 5565 33501 
 
The primer combination EcoRI +AA/MseI + A produced 7347 
polymorphic bands out of 10285 total bands (71%) (Fig 33-36 and Table 28 
&35). Another primer combination EcoRI + AC/MseI + G produced 6656 
polymorphic of 9537 total bands (70%) (Fig 45-51 and Table 28 & 35). Two 
primer combinations EcoRI + AC/MseI + A and EcoRI + AC/MseI + T 
produced 6472 polymorphic of 12155 total bands (53%)  (Fig 38-43 and Table 
28 & 35) and 5565 polymorphic of 11407 total bands (49%) (Fig 53-58 and 
Table 28 & 35) respectively. The primer combination EcoRI + C/MseI + CAG 
produced 7461 polymorphic (73%) (Fig 60-64 and Table 28 & 35) out of 
10285 total bands. Amplified fragments in the range of approximately 100 to 
500 bp were maximum, which contributed towards calculation of 
polymorphism and similarity index. The identification of  distinct and scorable 
bands allowed the construction of a similarity matrix of 187 isolates, which 
was analysed and used to produce dendrogram (Fig 72). The resultant 
dendrogram allowed the comparison among the isolates studied and showed 
clear separation of three different groups (A, B and G), these three groups were 
identified on the basis of colony characters. All 5 primer combinations could 
clearly differentiate A, B and G group in distinctly different clusters. Further 
155 isolates of A group were divided into eight sub clusters. For the 20 B 
group and 12 G group A. flavus isolates 6 and 28 markers could be identified 
respectively, which were specific for these groups. 
Genetic similarity index (SI) was calculated for paired comparison of 
all isolates based on the normalized identity of each locus in each of the 
analysed isolates. The primer combination EcoRI +AA/MseI + A gave 
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similarity value ranging from 3.1% to 88.5% with a mean value of 45.8% 
(Table 29 and Fig 32). The maximum similarity has been observed between 
NRCG 02043 & NRCG 02033 and minimum similarity between NRCG 01042 
& NRCG 01009. It has also been observed that NRCG 01009 was dissimilar to 
several isolates. EcoRI + AC/MseI + A primer combination gave a mean SI 
value of 45.2% (Table 30 and Fig 37)  which is similar to the mean SI value of 
primer combination EcoRI + C/MseI + CAG (Table 33 and Fig 59). With both 
the primer combinations maximum SI value (90.3) found between NRCG 
02042 & NRCG 02043 and minimum SI value (0.1) between NRCG 05021 & 
NRCG 03028. The primer combination EcoRI + AC/MseI + T showed mean 
SI value of 48% (Table 32 and Fig 52) with maximum SI value (92.1%) 
between NRCG 05018 & 05019 and minimum SI value (3.9%) among 05020 
& 02035, 05021 & 02035 and 08022 & 02035 respectively. 
 
Table 29: Maximum and minimum similarity index (SI) of each isolate with 
primer combination Eco RI - AA/Mse I - A. 
 
Cl no. Isolate Min SI With Isolate Max SI With Isolate 
1 NRCG02025 13.3 NRCG 01009 76.3 NRCG02019 
2 NRCG01054 11.3 NRCG 01009 79.9 NRCG02019 
3 NRCG02019 12.8 NRCG 01009 60.1 NRCG02041 
4 NRCG03025 15.5 NRCG 01009 67.2 NRCG03034 
5 NRCG03003 15.5 NRCG 01009 74.7 NRCG03034 
6 NRCG03034 14.0 NRCG 01009 68.2 NRCG06010 
7 NRCG03019 13.6 NRCG 03035 70.1 NRCG06010 
8 NRCG01044 13.2 NRCG 01009 67.5 NRCG06005 
9 NRCG03015 13.5 NRCG 01009 75.9 NRCG06010 
10 NRCG02028 14.7 NRCG 01009 77.8 NRCG02041 
11 NRCG02041 13.3 NRCG 01009 74.9 NRCG06010 
12 NRCG03020 12.2 NRCG 01009 74.8 NRCG06005 
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13 NRCG06005 13.9 NRCG 01009 79.4 NRCG06010 
14 NRCG06014 14.6 NRCG 01009 83.6 NRCG06017 
15 NRCG06017 14.5 NRCG 01009 86.3 NRCG06010 
16 NRCG06010 14.8 NRCG 01009 44.6 NRCG01037 
17 NRCG02027 5.6 NRCG 01009 81.2 NRCG02042 
18 NRCG02026 3.4 NRCG 01009 87.7 NRCG01042 
19 NRCG01042 3.1 NRCG 01009 75.3 NRCG02033 
20 NRCG02042 8.5 NRCG 01009 81.1 NRCG02036 
21 NRCG02036 6.8 NRCG 01009 67.4 NRCG03033 
22 NRCG03035 9.3 NRCG 01009 71.8 NRCG02043 
23 NRCG02043 6.9 NRCG 01009 88.5 NRCG02033 
24 NRCG02033 5.0 NRCG 01009 65.4 NRCG03036 
25 NRCG09004 10.6 NRCG 01009 77.3 NRCG07003 
26 NRCG07003 11.5 NRCG 01009 72.8 NRCG03033 
27 NRCG03036 11.1 NRCG 01009 75.3 NRCG03033 
28 NRCG03033 9.0 NRCG 01009 35.0 NRCG01007 
29 NRCG01028 9.9 NRCG 01009 64.7 NRCG01037 
30 NRCG01037 8.7 NRCG 01009 37.0 NRCG07001 
31 NRCG01003 15.7 NRCG 01009 45.1 NRCG01007 
32 NRCG01007 17.6 NRCG 01009 39.6 NRCG08022 
33 NRCG01062 15.1 NRCG 01009 47.1 NRCG02007 
34 NRCG02007 10.7 NRCG 01009 82.0 NRCG02004 
35 NRCG02004 9.4 NRCG 01009 78.0 NRCG02002 
36 NRCG02014 9.5 NRCG 01009 51.2 NRCG02013 
37 NRCG02013 10.4 NRCG 01009 61.8 NRCG02011 
38 NRCG02011 11.5 NRCG 01009 69.2 NRCG02009 
39 NRCG02009 12.3 NRCG 01009 77.0 NRCG02008 
40 NRCG02008 12.4 NRCG 01009 43.3 NRCG01016 
41 NRCG01018 10.7 NRCG 01009 62.2 NRCG01012 
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42 NRCG01012 10.0 NRCG 01009 67.9 NRCG01016 
43 NRCG01016 11.0 NRCG 01009 43.3 NRCG05030 
44 NRCG01026 14.1 NRCG 01009 42.2 NRCG01025 
45 NRCG01025 17.7 NRCG 01009 55.2 NRCG01031 
46 NRCG01073 14.6 NRCG 01009 62.6 NRCG01075 
47 NRCG01077 9.3 NRCG 01009 78.4 NRCG02002 
48 NRCG02002 9.2 NRCG 01009 72.7 NRCG01075 
49 NRCG01076 11.0 NRCG 01009 71.3 NRCG01075 
50 NRCG01075 12.1 NRCG 01009 54.4 NRCG01063 
51 NRCG01058 10.7 NRCG 01009 54.9 NRCG01070 
52 NRCG01071 11.8 NRCG 01009 75.9 NRCG01070 
53 NRCG01069 13.2 NRCG 01009 75.9 NRCG01070 
54 NRCG01070 11.8 NRCG 01009 71.4 NRCG01067 
55 NRCG01066 16.3 NRCG 01009 65.2 NRCG01067 
56 NRCG01067 12.7 NRCG 01009 71.7 NRCG01068 
57 NRCG01068 11.6 NRCG 01009 55.7 NRCG01060 
58 NRCG01057 11.3 NRCG 01009 60.4 NRCG01061 
59 NRCG01056 10.0 NRCG 01009 60.1 NRCG01060 
60 NRCG01059 13.2 NRCG 01009 70.3 NRCG01060 
61 NRCG01060 13.6 NRCG01009 67.2 NRCG01064 
62 NRCG01064 12.6 NRCG01009 64.5 NRCG01065 
63 NRCG01061 12.8 NRCG01009 70.2 NRCG01063 
64 NRCG01063 13.2 NRCG01009 73.8 NRCG01065 
65 NRCG01065 16.8 NRCG01009 42.1 NRCG06015 
66 NRCG01051 13.2 NRCG01009 52.3 NRCG01052 
67 NRCG01052 15.5 NRCG01009 68.9 NRCG01049 
68 NRCG01047 12.2 NRCG01009 72.8 NRCG01049 
69 NRCG01049 11.8 NRCG01009 84.2 NRCG01048 
70 NRCG01048 12.6 NRCG01009 59.8 NRCG01046 
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71 NRCG01043 13.4 NRCG01009 54.0 NRCG01046 
72 NRCG01046 13.7 NRCG01009 48.1 NRCG01038 
73 NRCG01074 10.6 NRCG01009 50.4 NRCG01055 
74 NRCG01045 20.5 NRCG01009 46.3 NRCG01053 
75 NRCG01053 9.9 NRCG01009 71.3 NRCG01055 
76 NRCG01055 11.0 NRCG01009 39.7 NRCG01041 
77 NRCG01036 14.6 NRCG01009 54.4 NRCG01041 
78 NRCG01041 17.1 NRCG01009 45.1 NRCG06013 
79 NRCG01039 15.7 NRCG01009 53.5 NRCG01038 
80 NRCG01038 14.7 NRCG01009 57.5 NRCG01032 
81 NRCG01032 14.6 NRCG01009 60.6 NRCG01035 
82 NRCG01035 20.7 NRCG01009 63.4 NRCG01031 
83 NRCG01031 16.8 NRCG01009 42.8 NRCG05005 
84 NRCG01009 8.2 NRCG05011 15.7 NRCG06013 
85 NRCG01040 23.8 NRCG10007 35.0 NRCG03037 
86 NRCG04005 30.4 NRCG08015 70.8 NRCG03032 
87 NRCG03029 32.6 NRCG08018 75.2 NRCG03031 
88 NRCG03032 33.9 NRCG08018 84.0 NRCG03031 
89 NRCG03031 33.6 NRCG08022 79.4 NRCG03030 
90 NRCG03037 33.0 NRCG08022 77.7 NRCG03030 
91 NRCG03030 34.3 NRCG08022 57.4 NRCG03028 
92 NRCG05032 27.9 NRCG06006 83.0 NRCG05033 
93 NRCG05033 33.1 NRCG06006 81.8 NRCG05034 
94 NRCG05036 30.5 NRCG06006 79.9 NRCG05035 
95 NRCG05035 30.0 NRCG06006 85.6 NRCG05034 
96 NRCG05034 29.6 NRCG06006 47.8 NRCG02039 
97 NRCG05031 30.7 NRCG02037 69.5 NRCG05028 
98 NRCG05028 34.2 NRCG02037 74.8 NRCG05030 
99 NRCG05029 36.0 NRCG02037 81.9 NRCG05030 
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100 NRCG05030 36.7 NRCG03027 54.0 NRCG05022 
101 NRCG05017 34.7 NRCG10006 83.4 NRCG05016 
102 NRCG05016 34.7 NRCG10005 76.8 NRCG05010 
103 NRCG05021 32.6 NRCG02034 84.4 NRCG05020 
104 NRCG05020 34.2 NRCG02034 73.3 NRCG05023 
105 NRCG05022 33.6 NRCG02035 83.3 NRCG05023 
106 NRCG05023 34.0 NRCG02035 77.7 NRCG05018 
107 NRCG05018 31.8 NRCG06006 80.4 NRCG05019 
108 NRCG05019 32.0 NRCG06006 62.5 NRCG06001 
109 NRCG06001 33.3 NRCG06006 72.7 NRCG06002 
110 NRCG05011 34.2 NRCG06006 68.0 NRCG04010 
111 NRCG04010 32.3 NRCG10007 68.0 NRCG05005 
112 NRCG05010 31.5 NRCG10007 73.8 NRCG05005 
113 NRCG05005 33.1 NRCG02038 56.5 NRCG06002 
114 NRCG06012 28.5 NRCG02034 62.1 NRCG06013 
115 NRCG06013 29.4 NRCG02034 65.0 NRCG06015 
116 NRCG06015 34.0 NRCG06002 63.8 NRCG06016 
117 NRCG06016 37.3 NRCG02035 54.0 NRCG06011 
118 NRCG02035 29.7 NRCG10007 53.1 NRCG02029 
119 NRCG02029 33.7 NRCG08013 52.6 NRCG02024 
120 NRCG02017 34.4 NRCG02038 50.3 NRCG02021 
121 NRCG02024 34.6 NRCG10007 63.7 NRCG02021 
122 NRCG02021 34.2 NRCG10007 47.9 NRCG10009 
123 NRCG10009 35.1 NRCG07001 69.8 NRCG10008 
124 NRCG10008 37.7 NRCG02038 51.2 NRCG09001 
125 NRCG05025 32.9 NRCG07001 85.9 NRCG05024 
126 NRCG05024 34.2 NRCG08001 84.9 NRCG05026 
127 NRCG05027 32.9 NRCG06011 85.6 NRCG05026 
128 NRCG05026 33.9 NRCG06011 45.7 NRCG06021 
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129 NRCG06018 35.1 NRCG10007 76.2 NRCG06020 
130 NRCG06021 34.2 NRCG10007 79.9 NRCG06020 
131 NRCG06019 31.3 NRCG10007 78.4 NRCG06020 
132 NRCG06020 34.5 NRCG10007 49.4 NRCG08002 
133 NRCG02037 29.8 NRCG08019 74.3 NRCG02038 
134 NRCG02038 28.8 NRCG10007 57.9 NRCG02031 
135 NRCG02034 31.3 NRCG10007 66.2 NRCG02031 
136 NRCG02031 35.4 NRCG07002 51.9 NRCG03005 
137 NRCG02039 34.3 NRCG10007 77.7 NRCG02040 
138 NRCG03005 36.3 NRCG06006 80.6 NRCG03007 
139 NRCG03007 34.9 NRCG10007 80.6 NRCG02040 
140 NRCG02040 33.6 NRCG10007 61.8 NRCG03024 
141 NRCG06004 31.9 NRCG06006 72.1 NRCG06003 
142 NRCG06002 31.3 NRCG06006 76.1 NRCG06003 
143 NRCG06003 31.6 NRCG10007 57.6 NRCG03024 
144 NRCG03024 37.9 NRCG08018 76.7 NRCG03026 
145 NRCG03026 37.5 NRCG08018 67.3 NRCG03027 
146 NRCG03027 35.2 NRCG08018 71.3 NRCG03028 
147 NRCG03028 34.8 NRCG08015 47.2 NRCG09005 
148 NRCG10004 37.9 NRCG07004 65.6 NRCG10001 
149 NRCG10007 33.3 NRCG08004 56.4 NRCG10006 
150 NRCG10006 37.8 NRCG08010 84.4 NRCG10005 
151 NRCG10005 38.1 NRCG08014 58.7 NRCG10003 
152 NRCG06006 32.7 NRCG08014 52.5 NRCG06007 
153 NRCG06007 40.0 NRCG08004 81.4 NRCG06008 
154 NRCG06008 38.6 NRCG08018 74.4 NRCG06009 
155 NRCG06011 36.7 NRCG08018 73.3 NRCG06009 
156 NRCG06009 38.6 NRCG08004 50.0 NRCG10001 
157 NRCG08004 34.7 NRCG10001 80.8 NRCG08005 
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158 NRCG08005 36.3 NRCG10001 76.6 NRCG08007 
159 NRCG08006 37.6 NRCG10001 82.7 NRCG08008 
160 NRCG08007 39.5 NRCG09005 83.4 NRCG08008 
161 NRCG08008 37.7 NRCG10001 85.2 NRCG08009 
162 NRCG08009 39.0 NRCG08022 72.5 NRCG08010 
163 NRCG07001 35.7 NRCG08022 73.7 NRCG08001 
164 NRCG08003 40.2 NRCG08018 76.2 NRCG08001 
165 NRCG08002 40.2 NRCG08018 77.2 NRCG07004 
166 NRCG07004 37.6 NRCG08018 80.3 NRCG08001 
167 NRCG07002 38.8 NRCG08018 81.2 NRCG08001 
168 NRCG08001 39.7 NRCG08018 58.8 NRCG08010 
169 NRCG08018 44.2 NRCG09001 63.2 NRCG08019 
170 NRCG08016 45.0 NRCG10003 69.6 NRCG08017 
171 NRCG08017 42.3 NRCG10003 72.4 NRCG08019 
172 NRCG08014 41.2 NRCG10003 83.9 NRCG08015 
173 NRCG08015 43.4 NRCG10003 77.6 NRCG08012 
174 NRCG08013 40.3 NRCG08022 79.0 NRCG08012 
175 NRCG08012 36.9 NRCG10001 80.2 NRCG08011 
176 NRCG08011 41.2 NRCG09005 83.0 NRCG08010 
177 NRCG08010 42.2 NRCG09005 57.7 NRCG08019 
178 NRCG09001 57.1 NRCG08022 71.0 NRCG09005 
179 NRCG09005 62.3 NRCG08022 78.0 NRCG10002 
180 NRCG10003 55.2 NRCG08020 79.2 NRCG10002 
181 NRCG10001 62.8 NRCG08020 85.4 NRCG10002 
182 NRCG10002 65.0 NRCG08020 71.2 NRCG09002 
183 NRCG09002 67.5 NRCG08022 69.9 NRCG08021 
NRCG08019 
184 NRCG08020 70.9 NRCG08022 77.8 NRCG08019 
185 NRCG08022 75.5 NRCG08019 77.0 NRCG08021 
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186 NRCG08021 80.1 NRCG08019 100.0   
187 NRCG08019 100.0 NRCG08019 100.0   
 
 
 
Figure 32: Similarity matrix of A. flavus for primer combination Eco RI - 
AA/Mse I - A. 
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Table 30: Maximum and minimum similarity index (SI) of each isolate with primer 
combination Eco RI - AC/Mse I - A. 
 
Cl 
no. 
Isolate MinSI With Isolate Max 
SI 
With Isolate 
1 NRCG01074 4.0 NRCG06017 68.3 NRCG01053 
2 NRCG01055 5.2 NRCG06017 78.1 NRCG01053 
3 NRCG01053 5.1 NRCG06017 41.9 NRCG01038 
4 NRCG09002 9.2 NRCG02025 71.9 NRCG08017 
5 NRCG08017 8.0 NRCG07003 71.1 NRCG08020 
6 NRCG09005 7.5 NRCG06017 75.0 NRCG09001 
7 NRCG10001 7.4 NRCG02025 80.0 NRCG10004 
8 NRCG10003 6.8 NRCG06017 80.8 NRCG10004 
9 NRCG10004 7.3 NRCG02025 83.9 NRCG10002 
10 NRCG10002 7.2 NRCG02025 72.9 NRCG08021 
11 NRCG08014 7.9 NRCG06017 73.0 NRCG08021 
12 NRCG08016 6.9 NRCG07003 76.8 NRCG08015 
13 NRCG08015 7.5 NRCG07003 72.9 NRCG08021 
14 NRCG09001 7.3 NRCG07003 82.0 NRCG08020 
15 NRCG08020 8.2 NRCG07003 89.7 NRCG08021 
16 NRCG08021 8.4 NRCG06017 80.0 NRCG08022 
17 NRCG08018 7.9 NRCG07003 81.1 NRCG08022 
18 NRCG08019 8.3 NRCG07003 81.7 NRCG08022 
19 NRCG08022 8.1 NRCG07003 59.2 NRCG10005 
20 NRCG10009 8.1 NRCG01009 61.5 NRCG01058 
21 NRCG01058 7.7 NRCG07003 60.6 NRCG10008 
22 NRCG10006 8.4 NRCG07003 73.7 NRCG10007 
23 NRCG10007 8.8 NRCG07003 57.5 NRCG10008 
24 NRCG10008 8.8 NRCG01009 63.6 NRCG10005 
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25 NRCG10005 8.4 NRCG01009 38.6 NRCG02021 
26 NRCG08009 6.0 NRCG06017 54.4 NRCG08008 
27 NRCG08007 7.2 NRCG01009 64.1 NRCG08008 
28 NRCG08006 7.2 NRCG01009 65.9 NRCG08008 
29 NRCG08008 8.0 NRCG01009 41.8 NRCG06004 
30 NRCG06003 7.2 NRCG01009 64.0 NRCG06004 
31 NRCG06004 8.2 NRCG07003 68.7 NRCG06006 
32 NRCG06006 9.1 NRCG07003 64.6 NRCG06007 
33 NRCG06012 7.9 NRCG03028 62.7 NRCG06015 
34 NRCG06020 8.7 NRCG03028 68.8 NRCG06018 
35 NRCG06013 7.6 NRCG03028 72.1 NRCG06015 
36 NRCG06015 8.3 NRCG03028 73.3 NRCG06016 
37 NRCG06016 8.2 NRCG03028 71.4 NRCG06019 
38 NRCG06021 9.0 NRCG03028 71.0 NRCG06019 
39 NRCG06018 8.6 NRCG03028 71.7 NRCG06019 
40 NRCG06019 8.0 NRCG03028 52.9 NRCG06011 
41 NRCG08002 9.2 NRCG05021 65.6 NRCG08001 
42 NRCG08003 9.1 NRCG07003 70.2 NRCG08004 
43 NRCG08005 8.7 NRCG06017 72.1 NRCG08004 
44 NRCG08004 8.3 NRCG07003 59.4 NRCG06007 
45 NRCG07001 8.1 NRCG03028 64.9 NRCG07004 
46 NRCG07004 8.1 NRCG06017 74.4 NRCG07002 
47 NRCG08001 8.3 NRCG07003 76.4 NRCG07002 
48 NRCG07002 8.9 NRCG03028 49.5 NRCG06009 
49 NRCG06011 8.1 NRCG03028 68.7 NRCG06009 
50 NRCG06007 7.9 NRCG07003 69.4 NRCG06009 
51 NRCG06008 8.2 NRCG03028 70.8 NRCG06009 
52 NRCG06009 8.2 NRCG03028 34.5 NRCG02004 
53 NRCG08010 8.1 NRCG06017 52.1 NRCG08011 
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54 NRCG08011 6.4 NRCG02025 45.1 NRCG08012 
55 NRCG01045 7.8 NRCG06017 50.0 NRCG01043 
56 NRCG01051 6.8 NRCG06017 58.3 NRCG01046 
57 NRCG01049 7.1 NRCG06017 78.6 NRCG01048 
58 NRCG01052 6.5 NRCG02025 77.9 NRCG01048 
59 NRCG01048 5.0 NRCG06017 81.2 NRCG01047 
60 NRCG01047 6.4 NRCG02025 66.6 NRCG01039 
61 NRCG01018 6.1 NRCG06017 75.4 NRCG01025 
62 NRCG01025 6.5 NRCG06017 
NRCG02025 
68.0 NRCG01031 
63 NRCG05010 6.7 NRCG02025 81.7 NRCG05011 
64 NRCG05011 6.1 NRCG02025 85.0 NRCG05017 
65 NRCG05017 6.4 NRCG03003 84.6 NRCG05018 
66 NRCG05020 5.6 NRCG06017 83.0 NRCG05018 
67 NRCG05019 5.8 NRCG02025 85.8 NRCG05018 
68 NRCG05018 5.9 NRCG02025 61.7 NRCG05016 
69 NRCG05016 7.4 NRCG06017 60.3 NRCG05005 
70 NRCG05005 6.2 NRCG06017 47.6 NRCG04010 
71 NRCG06002 9.0 NRCG01009 48.5 NRCG01026 
72 NRCG01026 7.2 NRCG06017 63.5 NRCG01031 
73 NRCG01039 6.1 NRCG06017 66.3 NRCG01035 
74 NRCG01043 6.4 NRCG06017 77.3 NRCG01035 
75 NRCG01046 7.2 NRCG06017 75.2 NRCG01038 
76 NRCG01032 7.6 NRCG06017 76.5 NRCG01035 
77 NRCG01031 6.9 NRCG06017 80.4 NRCG01035 
78 NRCG01038 6.5 NRCG06017 80.4 NRCG01035 
79 NRCG01035 6.6 NRCG06017 41.2 NRCG01075 
80 NRCG06001 8.3 NRCG07003 43.3 NRCG01071 
81 NRCG01016 5.9 NRCG06017 52.2 NRCG05022 
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82 NRCG01071 4.9 NRCG06017 70.4 NRCG05024 
83 NRCG05022 3.9 NRCG06017 72.5 NRCG05024 
84 NRCG05024 5.5 NRCG06017 79.8 NRCG05023 
85 NRCG05023 5.1 NRCG06017 50.2 NRCG01073 
86 NRCG01069 3.2 NRCG02025 73.4 NRCG01070 
87 NRCG01070 4.6 NRCG06017 57.5 NRCG02039 
88 NRCG08012 7.2 NRCG06017 54.6 NRCG02034 
89 NRCG02031 5.5 NRCG06017 78.3 NRCG02034 
90 NRCG02034 7.5 NRCG06017 69.3 NRCG02039 
91 NRCG02038 5.3 NRCG06017 73.7 NRCG02037 
92 NRCG02037 6.0 NRCG06017 60.4 NRCG02039 
93 NRCG01056 7.7 NRCG06017 77.9 NRCG01059 
94 NRCG01060 8.6 NRCG02025 81.2 NRCG01059 
95 NRCG01059 8.3 NRCG02025 73.4 NRCG01062 
96 NRCG01057 8.8 NRCG02025 72.0 NRCG01061 
97 NRCG01061 8.6 NRCG02025 75.9 NRCG01062 
98 NRCG02017 9.1 NRCG06017 73.2 NRCG05031 
99 NRCG05029 9.8 NRCG06017 77.2 NRCG05031 
100 NRCG05033 8.1 NRCG02025 82.6 NRCG05031 
101 NRCG05031 8.4 NRCG02025 85.4 NRCG05030 
102 NRCG05030 8.9 NRCG06017 72.8 NRCG05034 
103 NRCG01073 8.2 NRCG02025 65.8 NRCG02009 
104 NRCG02014 7.7 NRCG06017 74.7 NRCG02011 
105 NRCG02011 9.4 NRCG02025 80.5 NRCG02009 
106 NRCG02004 7.9 NRCG02025 87.9 NRCG02007 
107 NRCG02007 8.3 NRCG02025 87.0 NRCG02008 
108 NRCG02008 7.2 NRCG02025 85.0 NRCG02009 
109 NRCG02009 9.3 NRCG02025 78.2 NRCG01077 
110 NRCG01075 7.7 NRCG02025 75.8 NRCG01076 
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111 NRCG01076 7.1 NRCG02028 82.5 NRCG01077 
112 NRCG01077 6.8 NRCG06017 85.1 NRCG02002 
113 NRCG02002 6.9 NRCG02025 46.1 NRCG02013 
114 NRCG03030 5.1 NRCG06017 59.1 NRCG03031 
115 NRCG03031 5.3 NRCG06017 59.4 NRCG03032 
116 NRCG03032 4.8 NRCG06017 83.8 NRCG03037 
117 NRCG03037 5.7 NRCG02025 62.9 NRCG04005 
118 NRCG04010 8.6 NRCG06017 66.3 NRCG04005 
119 NRCG04005 7.0 NRCG06017 40.6 NRCG01062 
120 NRCG05036 7.1 NRCG06017 73.2 NRCG05035 
121 NRCG01065 5.8 NRCG02025 70.4 NRCG01064 
122 NRCG05032 4.4 NRCG06017 77.1 NRCG05034 
123 NRCG05035 5.4 NRCG02025 82.6 NRCG05034 
124 NRCG05034 5.3 NRCG06017 63.2 NRCG01064 
125 NRCG01064 5.7 NRCG06017 77.1 NRCG01063 
126 NRCG01063 8.8 NRCG02025 85.3 NRCG01062 
127 NRCG01062 8.7 NRCG02025 46.4 NRCG02039 
128 NRCG08013 7.9 NRCG02036 49.7 NRCG03007 
129 NRCG03007 5.5 NRCG06017 74.4 NRCG03005 
130 NRCG03005 5.7 NRCG06017 76.4 NRCG02039 
131 NRCG02040 4.2 NRCG06017 80.9 NRCG02039 
132 NRCG02039 3.6 NRCG06017 
NRCG02025 
37.7 NRCG01012 
133 NRCG01067 6.3 NRCG06017 38.5 NRCG01066 
NRCG03026 
134 NRCG01066 8.4 NRCG02025 54.7 NRCG03024 
135 NRCG03026 5.1 NRCG06017 56.9 NRCG03024 
136 NRCG03024 7.3 NRCG06017 49.2 NRCG01068 
137 NRCG02013 6.6 NRCG06017 51.7 NRCG01068 
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138 NRCG01012 5.9 NRCG02025 55.5 NRCG01068 
139 NRCG01068 6.4 NRCG06017 34.2 NRCG03029 
140 NRCG03027 7.7 NRCG06017 39.1 NRCG03029 
141 NRCG03029 5.5 NRCG02025 30.7 NRCG01036 
142 NRCG02035 4.4 NRCG02025 67.1 NRCG02029 
143 NRCG02021 4.9 NRCG06017 77.7 NRCG02024 
144 NRCG02029 5.0 NRCG02025 83.4 NRCG02024 
145 NRCG02024 5.1 NRCG06017 
NRCG02025 
30.9 NRCG05027 
146 NRCG01036 5.9 NRCG06017 75.8 NRCG01041 
147 NRCG01040 6.7 NRCG06017 83.5 NRCG01041 
148 NRCG01041 6.6 NRCG06017 34.8 NRCG05028 
149 NRCG05026 7.6 NRCG06017 83.5 NRCG05027 
150 NRCG05025 7.4 NRCG02025 84.5 NRCG05027 
151 NRCG05027 7.3 NRCG02025 88.3 NRCG05028 
152 NRCG05028 7.5 NRCG06017 
NRCG02025 
23.3 NRCG01028 
153 NRCG05021 0.1 NRCG03028 15.0 NRCG06014 
154 NRCG03028 3.8 NRCG06014 30.8 NRCG01009 
155 NRCG01009 2.5 NRCG03036 11.2 NRCG01028 
156 NRCG01042 6.2 NRCG02025 72.3 NRCG02026 
157 NRCG02026 6.9 NRCG01044 77.4 NRCG02027 
158 NRCG02036 4.9 NRCG02025 77.4 NRCG02033 
159 NRCG02027 6.3 NRCG02025 85.4 NRCG02033 
160 NRCG02033 7.1 NRCG06017 74.0 NRCG02042 
161 NRCG07003 6.5 NRCG03003 78.7 NRCG03036 
162 NRCG09004 6.5 NRCG03003 85.1 NRCG03036 
163 NRCG03036 5.7 NRCG01044 74.2 NRCG03033 
164 NRCG03035 5.9 NRCG01044 85.1 NRCG02043 
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165 NRCG03033 5.1 NRCG02025 87.3 NRCG02043 
166 NRCG02042 4.9 NRCG02025 90.3 NRCG02043 
167 NRCG02043 5.0 NRCG02025 17.4 NRCG01003 
168 NRCG01003 17.6 NRCG02025 72.7 NRCG01007 
169 NRCG01007 17.6 NRCG02025 81.4 NRCG01028 
170 NRCG01028 15.9 NRCG06017 76.6 NRCG02019 
171 NRCG06005 15.8 NRCG06017 76.0 NRCG06010 
172 NRCG06010 19.3 NRCG02025 73.7 NRCG03034 
173 NRCG03020 15.6 NRCG06017 77.9 NRCG03025 
174 NRCG03025 15.5 NRCG06017 79.9 NRCG03034 
175 NRCG03034 16.3 NRCG06017 67.0 NRCG02019 
176 NRCG01054 14.9 NRCG02025 73.4 NRCG02019 
177 NRCG02019 14.0 NRCG06017 29.6 NRCG01037 
178 NRCG06014 27.7 NRCG01037 49.6 NRCG03015 
179 NRCG01044 46.5 NRCG03003 75.6 NRCG01037 
180 NRCG01037 43.2 NRCG02028 45.7 NRCG02025 
181 NRCG06017 70.8 NRCG03019 73.4 NRCG02028 
182 NRCG03003 76.2 NRCG02025 85.1 NRCG03015 
183 NRCG03019 75.9 NRCG02025 86.2 NRCG03015 
184 NRCG03015 72.3 NRCG02025 78.5 NRCG02041 
185 NRCG02025 77.5 NRCG02028 81.4 NRCG02041 
186 NRCG02028 90.5 NRCG02041 100.0   
187 NRCG02041     100.0   
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Figure 37: Similarity matrix of A. flavus for primer combination Eco RI - AC/Mse 
I - A. 
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Table 31: Maximum and minimum similarity index (SI) of each isolate with primer 
combination Eco RI - AC/Mse I - G. 
Cl 
no. 
Isolate MinSI With Isolate Max SI With Isolate 
1 NRCG03007 17.0 NRCG03015 61.8 NRCG08011 
2 NRCG08011 18.9 NRCG03015 60.3 NRCG08010 
3 NRCG02037 20.1 NRCG01028 46.7 NRCG08010 
4 NRCG02040 17.8 NRCG01055 42.8 NRCG03005 
5 NRCG03005 17.4 NRCG01054 47.2 NRCG02038 
6 NRCG02038 18.5 NRCG01055 43.4 NRCG05025 
7 NRCG08013 17.6 NRCG03015 
NRCG03019 
43.9 NRCG05010 
8 NRCG01060 21.8 NRCG01049 59.4 NRCG01061 
9 NRCG01061 22.9 NRCG03019 64.3 NRCG01062 
10 NRCG01064 17.4 NRCG01028 67.3 NRCG01065 
11 NRCG01065 20.1 NRCG03019 59.4 NRCG01066 
12 NRCG01063 19.7 NRCG03015 69.9 NRCG01062 
13 NRCG01062 19.7 NRCG03015 47.4 NRCG03024 
14 NRCG08012 18.1 NRCG01054 44.1 NRCG02039 
15 NRCG02039 19.0 NRCG01028 43.9 NRCG01058 
16 NRCG01059 18.5 NRCG01055 44.0 NRCG01058 
17 NRCG01058 20.0 NRCG01055 42.0 NRCG05028 
18 NRCG03037 24.3 NRCG03019 68.7 NRCG03032 
19 NRCG03032 21.8 NRCG01028 61.6 NRCG03030 
20 NRCG03031 22.0 NRCG03015 62.2 NRCG03030 
21 NRCG03029 19.3 NRCG03015 63.0 NRCG03028 
22 NRCG03030 21.8 NRCG03015 69.8 NRCG03028 
23 NRCG03028 23.0 NRCG03019 60.9 NRCG03026 
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24 NRCG03024 23.8 NRCG03015 65.4 NRCG03026 
25 NRCG03026 21.9 NRCG01049 56.8 NRCG03027 
26 NRCG03027 22.5 NRCG03019 55.3 NRCG08008 
27 NRCG08009 15.7 NRCG03019 63.1 NRCG08008 
28 NRCG08008 16.4 NRCG03019 60.4 NRCG08007 
29 NRCG08007 17.0 NRCG03015 66.8 NRCG08006 
30 NRCG02034 17.7 NRCG03015 77.7 NRCG02031 
31 NRCG02031 20.9 NRCG03034 52.8 NRCG08006 
32 NRCG05035 22.4 NRCG01054 40.5 NRCG10005 
33 NRCG05033 17.3 NRCG03015 42.0 NRCG06016 
34 NRCG08015 17.6 NRCG03019 52.4 NRCG08016 
35 NRCG08016 17.0 NRCG03034 57.5 NRCG08017 
36 NRCG01009 18.5 NRCG03015 39.5 NRCG08014 
37 NRCG08014 16.6 NRCG03015 44.5 NRCG05017 
38 NRCG01056 18.1 NRCG03025 42.3 NRCG01057 
39 NRCG01057 16.2 NRCG03019 40.3 NRCG01051 
40 NRCG01055 16.3 NRCG01028 71.1 NRCG01053 
41 NRCG01053 18.4 NRCG01028 39.0 NRCG01051 
42 NRCG01016 15.8 NRCG01028 59.6 NRCG01035 
43 NRCG01012 15.7 NRCG01028 50.1 NRCG01046 
44 NRCG01052 17.0 NRCG01003 55.3 NRCG01051 
45 NRCG01051 16.8 NRCG01028 53.7 NRCG01049 
46 NRCG01039 15.2 NRCG01028 57.8 NRCG01047 
47 NRCG01049 18.6 NRCG01028 62.0 NRCG01048 
48 NRCG01048 19.3 NRCG01028 70.8 NRCG01047 
49 NRCG01047 17.4 NRCG01028 45.7 NRCG10009 
50 NRCG05031 22.7 NRCG02029 49.4 NRCG05032 
51 NRCG05032 22.5 NRCG03035 42.8 NRCG06004 
52 NRCG05026 24.0 NRCG03015 78.6 NRCG05024 
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53 NRCG05025 22.1 NRCG01028 79.4 NRCG05024 
54 NRCG05024 20.5 NRCG01028 79.0 NRCG05023 
55 NRCG05023 21.8 NRCG03015 43.8 NRCG05021 
56 NRCG05027 24.2 NRCG08021 52.7 NRCG05028 
57 NRCG05030 24.1 NRCG03019 61.3 NRCG05029 
58 NRCG05029 26.8 NRCG02011 75.4 NRCG05028 
59 NRCG05028 24.9 NRCG03019 46.9 NRCG05022 
60 NRCG01054 18.0 NRCG07004 77.6 NRCG02019 
61 NRCG02019 18.9 NRCG01035 56.1 NRCG03019 
62 NRCG06010 16.4 NRCG01067 82.3 NRCG06005 
63 NRCG06005 17.9 NRCG01067 83.6 NRCG03020 
64 NRCG03025 18.0 NRCG05036 82.6 NRCG03020 
65 NRCG03020 19.0 NRCG02035 73.4 NRCG03034 
66 NRCG03034 16.4 NRCG01067 73.0 NRCG03019 
67 NRCG03015 17.3 NRCG02035 75.4 NRCG03019 
68 NRCG03019 15.6 NRCG02035 38.2 NRCG03003 
69 NRCG01037 17.0 NRCG01040 59.7 NRCG01044 
70 NRCG01028 12.6 NRCG01036 59.2 NRCG01003 
71 NRCG01007 17.5 NRCG01036 65.8 NRCG01003 
72 NRCG01003 14.7 NRCG01036 44.4 NRCG03003 
73 NRCG01044 19.7 NRCG01035 72.4 NRCG02025 
74 NRCG02041 23.3 NRCG02035 79.6 NRCG02028 
75 NRCG02028 22.6 NRCG02035 83.9 NRCG02025 
76 NRCG02025 25.3 NRCG02035 61.2 NRCG03003 
77 NRCG03003 20.8 NRCG02035 59.6 NRCG06017 
78 NRCG06014 20.6 NRCG08020 76.8 NRCG06017 
79 NRCG06017 22.2 NRCG08021 36.9 NRCG02004 
80 NRCG03035 17.8 NRCG01041 76.9 NRCG03036 
81 NRCG03036 18.3 NRCG01041 70.0 NRCG02043 
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82 NRCG02036 18.2 NRCG01041 73.6 NRCG02042 
83 NRCG02043 16.3 NRCG01041 74.7 NRCG02042 
84 NRCG02042 16.1 NRCG01041 39.0 NRCG02027 
85 NRCG09004 21.6 NRCG08005 62.4 NRCG07003 
86 NRCG07003 25.3 NRCG01040 51.4 NRCG03033 
87 NRCG03033 19.0 NRCG01036 60.1 NRCG02033 
88 NRCG02033 24.5 NRCG01067 70.1 NRCG02027 
89 NRCG02027 26.6 NRCG01041 75.0 NRCG02026 
90 NRCG02026 23.3 NRCG08005 82.6 NRCG01042 
91 NRCG01042 26.4 NRCG01069 38.1 NRCG10009 
92 NRCG01045 25.8 NRCG08005 39.3 NRCG06004 
93 NRCG02035 27.7 NRCG07004 39.7 NRCG02014 
94 NRCG05034 27.2 NRCG01032 42.3 NRCG08004 
95 NRCG01036 24.4 NRCG01074 58.8 NRCG01041 
96 NRCG01040 24.0 NRCG02029 71.6 NRCG01041 
97 NRCG01041 26.8 NRCG01074 39.8 NRCG02007 
98 NRCG08017 28.2 NRCG01074 59.4 NRCG08018 
99 NRCG08018 32.6 NRCG08002 64.5 NRCG08019 
100 NRCG10009 32.1 NRCG05036 66.4 NRCG01038 
101 NRCG01046 31.4 NRCG06009 73.9 NRCG01043 
102 NRCG01038 31.8 NRCG08010 78.6 NRCG01043 
103 NRCG01043 32.4 NRCG08010 62.4 NRCG10002 
104 NRCG10006 28.4 NRCG01070 70.3 NRCG10007 
105 NRCG10007 29.1 NRCG05036 52.8 NRCG10008 
106 NRCG10008 29.4 NRCG04010 63.4 NRCG10005 
107 NRCG10005 30.5 NRCG08010 63.4 NRCG10003 
108 NRCG09002 28.2 NRCG05036 64.2 NRCG10001 
109 NRCG10004 32.5 NRCG01067 75.6 NRCG10003 
110 NRCG10001 31.9 NRCG08010 76.2 NRCG10003 
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111 NRCG10003 33.2 NRCG01066 79.0 NRCG10002 
112 NRCG10002 34.1 NRCG07004 65.2 NRCG08022 
113 NRCG09005 31.4 NRCG07004 68.9 NRCG09001 
114 NRCG09001 30.6 NRCG07004 77.2 NRCG08022 
115 NRCG08020 30.2 NRCG07004 75.3 NRCG08021 
116 NRCG08019 31.1 NRCG01025 78.3 NRCG08021 
117 NRCG08021 29.9 NRCG06019 80.4 NRCG08022 
118 NRCG08022 29.4 NRCG06019 49.0 NRCG01018 
119 NRCG07001 25.6 NRCG01074 71.1 NRCG06021 
120 NRCG06021 25.3 NRCG01074 66.7 NRCG07002 
121 NRCG08001 29.9 NRCG08006 68.5 NRCG08002 
122 NRCG08002 30.2 NRCG02029 68.1 NRCG07002 
123 NRCG07004 24.6 NRCG01074 71.8 NRCG07002 
124 NRCG07002 26.0 NRCG01074 52.4 NRCG08003 
125 NRCG06019 22.9 NRCG01074 59.1 NRCG06020 
126 NRCG06020 25.3 NRCG01074 55.4 NRCG06016 
127 NRCG06012 29.9 NRCG02002 65.9 NRCG06011 
128 NRCG06011 29.4 NRCG01077 59.8 NRCG06013 
129 NRCG06018 30.3 NRCG01074 71.2 NRCG06016 
130 NRCG06013 29.2 NRCG08004 76.9 NRCG06015 
131 NRCG06016 30.1 NRCG01074 77.1 NRCG06015 
132 NRCG06015 29.4 NRCG08004 45.9 NRCG06006 
133 NRCG01018 30.1 NRCG01073 71.5 NRCG01025 
134 NRCG01026 28.2 NRCG08005 68.7 NRCG01031 
135 NRCG01025 29.6 NRCG08005 70.3 NRCG01031 
136 NRCG01031 28.2 NRCG08005 74.5 NRCG01035 
137 NRCG01032 27.3 NRCG08005 75.6 NRCG01035 
138 NRCG01035 27.6 NRCG08006 43.8 NRCG06003 
139 NRCG06007 28.9 NRCG01070 76.6 NRCG06006 
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140 NRCG06006 30.6 NRCG01068 63.6 NRCG06008 
141 NRCG06009 29.0 NRCG01071 66.1 NRCG06008 
142 NRCG06008 27.9 NRCG01067 56.9 NRCG06003 
143 NRCG06004 31.0 NRCG01066 62.2 NRCG06003 
144 NRCG06002 32.1 NRCG01066 68.1 NRCG06003 
145 NRCG06003 32.2 NRCG01067 54.6 NRCG01071 
146 NRCG08003 29.9 NRCG01074 65.7 NRCG08004 
147 NRCG08004 29.7 NRCG01074 70.6 NRCG08006 
148 NRCG08006 32.7 NRCG01073 70.8 NRCG08005 
149 NRCG08005 33.3 NRCG01074 56.5 NRCG05005 
150 NRCG05022 33.3 NRCG01069 72.0 NRCG05021 
151 NRCG05021 33.1 NRCG02021 73.6 NRCG05020 
152 NRCG05020 34.7 NRCG01069 79.8 NRCG05016 
153 NRCG05019 35.4 NRCG02021 77.9 NRCG05016 
154 NRCG05018 34.1 NRCG01074 80.2 NRCG05016 
155 NRCG05016 34.1 NRCG01074 82.5 NRCG05011 
156 NRCG05017 32.6 NRCG01074 84.9 NRCG05011 
157 NRCG05011 33.8 NRCG01074 74.9 NRCG04010 
158 NRCG05005 33.0 NRCG08010 72.5 NRCG04010 
159 NRCG04010 35.7 NRCG08010 63.7 NRCG05010 
160 NRCG04005 34.8 NRCG05036 65.2 NRCG05010 
161 NRCG05010 34.0 NRCG01077 43.8 NRCG01071 
162 NRCG01074 30.7 NRCG08010 45.9 NRCG02024 
163 NRCG02029 25.8 NRCG08010 68.8 NRCG02021 
164 NRCG02021 26.3 NRCG08010 75.7 NRCG02024 
165 NRCG02024 27.5 NRCG08010 44.4 NRCG02017 
166 NRCG06001 32.6 NRCG08010 61.8 NRCG01071 
167 NRCG01071 35.4 NRCG08010 66.8 NRCG01070 
168 NRCG05036 31.9 NRCG08010 54.7 NRCG01066 
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169 NRCG01066 33.2 NRCG08010 65.3 NRCG01067 
170 NRCG01067 31.8 NRCG08010 67.1 NRCG01068 
171 NRCG01069 32.0 NRCG08010 69.3 NRCG01068 
172 NRCG01068 30.7 NRCG08010 70.3 NRCG01070 
173 NRCG01070 34.4 NRCG08010 50.1 NRCG01073 
174 NRCG02017 36.3 NRCG08010 71.7 NRCG02014 
175 NRCG02014 37.0 NRCG08010 75.0 NRCG02013 
176 NRCG02011 37.2 NRCG08010 89.7 NRCG02013 
177 NRCG02013 39.2 NRCG08010 70.8 NRCG02009 
178 NRCG01073 36.4 NRCG08010 63.0 NRCG01077 
179 NRCG02008 32.8 NRCG08010 78.9 NRCG02009 
180 NRCG02009 37.1 NRCG08010 74.5 NRCG02004 
181 NRCG02007 36.7 NRCG08010 75.7 NRCG02004 
182 NRCG02004 38.6 NRCG08010 71.0 NRCG01077 
183 NRCG01077 36.8 NRCG08010 67.4 NRCG02002 
184 NRCG01076 33.8 NRCG08010 70.4 NRCG01075 
185 NRCG01075 34.8 NRCG08010 71.3 NRCG02002 
186 NRCG02002 38.0 NRCG08010 100.0   
187 NRCG08010     100.0   
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Figure 44: Similarity matrix of A. flavus for primer combination Eco RI - AC/Mse I - 
G. 
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Table 32: Maximum and minimum similarity index (SI) of each isolate with primer 
combination Eco RI - AC/Mse I - T. 
Cl 
no. 
Isolate MinSI With Isolate Max SI With Isolate 
1 NRCG03028 5.7 NRCG02035 41.7 NRCG03037 
2 NRCG03030 4.2 NRCG02035 63.5 NRCG03037 
3 NRCG03029 6.9 NRCG02035 48.1 NRCG05029 
4 NRCG04005 4.7 NRCG02035 71.9 NRCG03032 
5 NRCG03037 5.7 NRCG02035 74.8 NRCG03032 
6 NRCG03032 6.0 NRCG02035 81.1 NRCG03031 
7 NRCG03031 6.4 NRCG02035 58.4 NRCG05029 
NRCG05028 
8 NRCG05022 5.3 NRCG02035 78.5 NRCG05023 
9 NRCG05023 6.0 NRCG02035 64.1 NRCG05019 
10 NRCG04010 6.4 NRCG02035 73.0 NRCG05011 
11 NRCG05011 4.2 NRCG02035 60.2 NRCG05017 
12 NRCG05020 3.9 NRCG02035 72.6 NRCG05021 
13 NRCG05021 3.9 NRCG02035 67.9 NRCG05017 
14 NRCG05010 4.8 NRCG02035 85.7 NRCG05005 
15 NRCG05005 4.7 NRCG02035 81.7 NRCG05018 
16 NRCG05016 5.0 NRCG02035 83.0 NRCG05019 
17 NRCG05017 5.0 NRCG02035 91.3 NRCG05018 
NRCG05019 
18 NRCG05018 4.9 NRCG02035 92.1 NRCG05019 
19 NRCG05019 5.1 NRCG02035 43.5 NRCG03027 
20 NRCG05036 6.2 NRCG01009 65.7 NRCG05035 
21 NRCG05031 7.9 NRCG02035 83.9 NRCG05030 
22 NRCG05030 6.7 NRCG02035 87.2 NRCG05029 
23 NRCG05029 6.1 NRCG02035 90.8 NRCG05028 
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24 NRCG05028 6.1 NRCG02035 48.1 NRCG08022 
NRCG09002 
25 NRCG05034 5.8 NRCG02035 82.4 NRCG05035 
26 NRCG05035 6.4 NRCG02035 51.4 NRCG05033 
27 NRCG05033 7.7 NRCG02035 76.4 NRCG05032 
28 NRCG05032 7.0 NRCG02035 44.8 NRCG02009 
29 NRCG10005 4.8 NRCG02035 67.9 NRCG10009 
30 NRCG02009 6.3 NRCG02035 68.5 NRCG10006 
31 NRCG10007 4.8 NRCG02035 87.9 NRCG10006 
32 NRCG10006 5.1 NRCG02035 58.7 NRCG08014 
33 NRCG08016 4.9 NRCG02035 84.7 NRCG08017 
34 NRCG08015 4.9 NRCG02035 85.1 NRCG08017 
35 NRCG08017 4.5 NRCG02035 76.2 NRCG08021 
36 NRCG08014 4.3 NRCG02035 79.3 NRCG08018 
NRCG08019 
NRCG08021 
37 NRCG09001 4.0 NRCG02035 81.8 NRCG08022 
38 NRCG08022 3.9 NRCG02035 88.1 NRCG08019 
39 NRCG08019 4.2 NRCG02035 86.6 NRCG08021 
40 NRCG08021 4.2 NRCG02035 87.3 NRCG08018 
41 NRCG08018 4.5 NRCG02035 88.3 NRCG08020 
42 NRCG08020 4.3 NRCG02035 65.1 NRCG09005 
43 NRCG09002 5.2 NRCG02035 72.0 NRCG10008 
44 NRCG09005 5.1 NRCG02035 76.5 NRCG10009 
45 NRCG10009 4.1 NRCG02035 77.6 NRCG10008 
46 NRCG10008 5.2 NRCG02035 70.5 NRCG10003 
47 NRCG10004 5.2 NRCG02035 78.0 NRCG10003 
48 NRCG10001 4.1 NRCG02035 82.0 NRCG10002 
49 NRCG10003 5.0 NRCG02035 90.4 NRCG10002 
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50 NRCG10002 4.4 NRCG02035 37.1 NRCG02041 
51 NRCG03027 6.5 NRCG02035 40.2 NRCG05024 
52 NRCG05027 6.0 NRCG02035 82.8 NRCG05025 
53 NRCG05025 6.9 NRCG02035 86.7 NRCG05026 
54 NRCG05024 5.4 NRCG02035 86.3 NRCG05026 
55 NRCG05026 5.8 NRCG02035 37.2 NRCG02019 
56 NRCG01003 9.2 NRCG01009 63.6 NRCG01028 
57 NRCG02019 9.8 NRCG07001 73.6 NRCG01054 
58 NRCG01054 8.0 NRCG07001 68.6 NRCG01007 
59 NRCG01007 8.2 NRCG07001 72.1 NRCG01028 
60 NRCG01028 9.5 NRCG07001 59.6 NRCG03003 
61 NRCG01037 9.4 NRCG07001 74.8 NRCG01044 
62 NRCG03019 9.3 NRCG07001 74.7 NRCG03015 
63 NRCG03015 8.4 NRCG01009 75.6 NRCG02041 
64 NRCG03003 9.0 NRCG01009 84.6 NRCG02041 
65 NRCG01044 7.8 NRCG07001 87.8 NRCG02041 
66 NRCG02041 8.6 NRCG07001 80.6 NRCG02025 
67 NRCG02028 10.2 NRCG07001 79.1 NRCG02025 
68 NRCG02025 9.6 NRCG07001 46.6 NRCG06005 
69 NRCG06014 11.4 NRCG07001 71.7 NRCG06017 
70 NRCG06017 10.8 NRCG01009 44.9 NRCG06005 
71 NRCG06010 11.1 NRCG01009 75.4 NRCG06005 
72 NRCG03020 12.1 NRCG02029 81.2 NRCG03025 
73 NRCG03025 10.9 NRCG01058 80.9 NRCG06005 
74 NRCG03034 11.9 NRCG07001 81.3 NRCG06005 
75 NRCG06005 12.9 NRCG01009 34.3 NRCG01074 
76 NRCG02026 10.7 NRCG01009 89.5 NRCG01042 
77 NRCG01042 11.1 NRCG01009 84.6 NRCG02027 
78 NRCG02033 11.6 NRCG01009 85.8 NRCG02027 
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79 NRCG02027 11.3 NRCG01009 54.9 NRCG03033 
80 NRCG03033 12.1 NRCG07001 57.4 NRCG07003 
81 NRCG09004 12.1 NRCG07001 79.1 NRCG07003 
82 NRCG07003 13.0 NRCG07001 38.1 NRCG06019 
83 NRCG01074 11.4 NRCG07001 42.3 NRCG01070 
84 NRCG03035 8.9 NRCG07001 76.9 NRCG03036 
85 NRCG03036 7.6 NRCG07001 60.1 NRCG02042 
86 NRCG02042 9.5 NRCG07001 83.6 NRCG02043 
87 NRCG02043 9.1 NRCG07001 84.5 NRCG02036 
88 NRCG02036 8.7 NRCG07001 36.2 NRCG02002 
89 NRCG01073 9.3 NRCG01009 47.9 NRCG01076 
90 NRCG02013 8.0 NRCG07001 75.8 NRCG02011 
91 NRCG02011 7.3 NRCG07001 60.0 NRCG02008 
92 NRCG02014 4.4 NRCG07001 71.7 NRCG02004 
93 NRCG02002 7.1 NRCG07001 77.1 NRCG01077 
94 NRCG01077 7.4 NRCG07001 76.8 NRCG02004 
95 NRCG01076 7.3 NRCG07001 77.3 NRCG01075 
96 NRCG01075 7.1 NRCG07001 78.2 NRCG02004 
97 NRCG02008 6.0 NRCG07001 81.0 NRCG02004 
98 NRCG02007 5.9 NRCG07001 86.8 NRCG02004 
99 NRCG02004 7.0 NRCG07001 44.9 NRCG02038 
100 NRCG02038 9.8 NRCG07001 86.3 NRCG02037 
101 NRCG02037 10.0 NRCG01009 52.0 NRCG02031 
102 NRCG02017 7.9 NRCG01067 41.4 NRCG02031 
103 NRCG02034 9.5 NRCG07001 77.4 NRCG02031 
104 NRCG02031 9.4 NRCG07001 48.0 NRCG02029 
105 NRCG02035 7.1 NRCG01058 64.1 NRCG02024 
106 NRCG02021 11.1 NRCG01058 77.0 NRCG02024 
107 NRCG02024 11.8 NRCG07001 80.7 NRCG02029 
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108 NRCG02029 11.9 NRCG01058 38.3 NRCG08003 
109 NRCG01058 7.4 NRCG01009 31.2 NRCG03026 
110 NRCG01067 7.1 NRCG07001 41.5 NRCG01068 
111 NRCG01069 9.4 NRCG01025 56.7 NRCG01071 
112 NRCG01068 9.0 NRCG01009 43.8 NRCG01070 
113 NRCG01071 7.1 NRCG01009 64.6 NRCG01070 
114 NRCG01070 10.4 NRCG07001 53.3 NRCG03005 
115 NRCG03026 11.4 NRCG07001 73.2 NRCG03024 
116 NRCG03024 12.1 NRCG07001 61.3 NRCG03005 
117 NRCG02040 12.8 NRCG07001 87.4 NRCG02039 
118 NRCG02039 13.3 NRCG07001 75.5 NRCG03007 
119 NRCG03005 10.8 NRCG01009 80.0 NRCG03007 
120 NRCG03007 10.5 NRCG01009 30.5 NRCG08006 
121 NRCG07001 7.5 NRCG01056 18.7 NRCG06009 
122 NRCG01009 11.4 NRCG01018 24.9 NRCG06001 
123 NRCG01063 20.5 NRCG08013 73.6 NRCG01062 
124 NRCG01061 18.3 NRCG08013 72.5 NRCG01062 
125 NRCG01062 18.2 NRCG08013 61.2 NRCG01057 
126 NRCG01056 18.9 NRCG08013 67.0 NRCG01059 
127 NRCG01057 21.6 NRCG08013 68.7 NRCG01060 
128 NRCG01059 19.4 NRCG08013 71.5 NRCG01060 
129 NRCG01060 22.0 NRCG08013 45.3 NRCG01035 
130 NRCG01066 25.0 NRCG08008 51.7 NRCG01065 
131 NRCG01064 19.6 NRCG08011 65.1 NRCG01065 
132 NRCG01065 22.3 NRCG08011 39.4 NRCG06016 
133 NRCG01036 25.5 NRCG06001 62.2 NRCG01040 
134 NRCG01041 25.6 NRCG08013 73.5 NRCG01040 
135 NRCG01040 27.1 NRCG08013 44.0 NRCG01031 
136 NRCG01045 24.8 NRCG08013 48.1 NRCG01053 
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137 NRCG01055 23.7 NRCG08013 77.6 NRCG01053 
138 NRCG01053 24.5 NRCG08013 45.5 NRCG01049 
139 NRCG01038 23.5 NRCG08013 55.8 NRCG01039 
140 NRCG01039 22.7 NRCG06006 64.3 NRCG01025 
141 NRCG01026 24.2 NRCG06006 65.7 NRCG01025 
142 NRCG01035 24.0 NRCG08013 68.7 NRCG01025 
143 NRCG01032 23.9 NRCG08013 69.7 NRCG01031 
144 NRCG01025 21.5 NRCG08013 70.1 NRCG01031 
145 NRCG01031 26.1 NRCG08013 59.0 NRCG01043 
146 NRCG01012 23.2 NRCG08013 55.9 NRCG01016 
147 NRCG01016 22.3 NRCG08008 64.3 NRCG01018 
148 NRCG01018 21.3 NRCG08013 59.6 NRCG01046 
149 NRCG01043 20.2 NRCG08013 70.4 NRCG01046 
150 NRCG01046 23.6 NRCG08008 66.1 NRCG01047 
151 NRCG01047 24.3 NRCG08008 68.9 NRCG01049 
152 NRCG01051 24.6 NRCG08011 
NRCG08010 
68.8 NRCG01049 
153 NRCG01052 22.5 NRCG08011 72.4 NRCG01049 
154 NRCG01048 21.5 NRCG08008 74.5 NRCG01049 
155 NRCG01049 23.9 NRCG08008 35.2 NRCG06015 
156 NRCG06001 30.6 NRCG06006 51.5 NRCG08012 
157 NRCG08013 26.1 NRCG06006 64.8 NRCG08012 
158 NRCG08012 25.4 NRCG06006 60.7 NRCG08011 
159 NRCG08011 23.6 NRCG08001 72.2 NRCG08010 
160 NRCG08010 25.4 NRCG06016 69.1 NRCG08009 
161 NRCG08008 27.3 NRCG06012 69.2 NRCG08009 
162 NRCG08009 26.8 NRCG06012 65.3 NRCG08007 
163 NRCG06002 27.5 NRCG06013 65.9 NRCG06003 
164 NRCG06003 32.9 NRCG06013 71.6 NRCG06004 
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165 NRCG06004 37.7 NRCG08007 59.1 NRCG06006 
166 NRCG08002 34.0 NRCG06008 65.1 NRCG07004 
167 NRCG07002 39.8 NRCG06006 73.1 NRCG07004 
168 NRCG08001 36.1 NRCG06013 75.1 NRCG07004 
169 NRCG07004 38.3 NRCG06013 52.5 NRCG08005 
170 NRCG08007 29.3 NRCG06012 85.8 NRCG08006 
171 NRCG08006 31.0 NRCG06013 73.1 NRCG08005 
172 NRCG08003 31.7 NRCG06013 82.2 NRCG08004 
173 NRCG08005 28.7 NRCG06013 84.4 NRCG08004 
174 NRCG08004 30.4 NRCG06013 53.5 NRCG06007 
175 NRCG06021 50.6 NRCG06009 59.9 NRCG06015 
176 NRCG06012 46.2 NRCG06006 69.4 NRCG06019 
177 NRCG06013 43.3 NRCG06006 79.3 NRCG06015 
178 NRCG06015 45.9 NRCG06006 79.2 NRCG06019 
179 NRCG06018 47.4 NRCG06006 81.2 NRCG06019 
180 NRCG06016 46.0 NRCG06006 81.8 NRCG06020 
181 NRCG06019 47.4 NRCG06006 82.8 NRCG06020 
182 NRCG06020 49.8 NRCG06006 55.2 NRCG06011 
183 NRCG06006 47.0 NRCG06011 54.2 NRCG06007 
184 NRCG06007 63.3 NRCG06008 65.5 NRCG06011 
185 NRCG06008 80.4 NRCG06009 80.9 NRCG06011 
186 NRCG06009 83.0 NRCG06011 100.0   
187 NRCG06011 100.0       
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Figure 52: Similarity matrix of A. flavus for primer combination Eco RI - AC/Mse I 
- T. 
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Table 33: Maximum and minimum similarity index (SI) of each isolate with primer 
combination Eco RI - C/Mse I - CAG. 
Cl 
no. 
Isolate Min SI With Isolate Max SI With Isolate 
1 NRCG01074 4.0 NRCG06017 68.3 NRCG01053 
2 NRCG01055 5.2 NRCG06017 78.1 NRCG01053 
3 NRCG01053 5.1 NRCG06017 41.9 NRCG01038 
4 NRCG09002 9.2 NRCG02025 71.9 NRCG08017 
5 NRCG08017 8.0 NRCG07003 71.1 NRCG08020 
6 NRCG09005 7.5 NRCG06017 75.0 NRCG09001 
7 NRCG10001 7.4 NRCG02025 80.0 NRCG10004 
8 NRCG10003 6.8 NRCG06017 80.8 NRCG10004 
NRCG10002 
9 NRCG10004 7.3 NRCG02025 83.9 NRCG10002 
10 NRCG10002 7.2 NRCG02025 72.9 NRCG08021 
11 NRCG08014 7.9 NRCG06017 73.0 NRCG08021 
12 NRCG08016 6.9 NRCG07003 76.8 NRCG08015 
13 NRCG08015 7.5 NRCG07003 72.9 NRCG08021 
14 NRCG09001 7.3 NRCG07003 82.0 NRCG08020 
15 NRCG08020 8.2 NRCG07003 89.7 NRCG08021 
16 NRCG08021 8.4 NRCG06017 80.0 NRCG08022 
17 NRCG08018 7.9 NRCG07003 81.1 NRCG08022 
18 NRCG08019 8.3 NRCG07003 81.7 NRCG08022 
19 NRCG08022 8.1 NRCG07003 59.2 NRCG10005 
20 NRCG10009 8.1 NRCG01009 61.5 NRCG01058 
21 NRCG01058 7.7 NRCG07003 60.6 NRCG10008 
22 NRCG10006 8.4 NRCG07003 73.7 NRCG10007 
23 NRCG10007 8.8 NRCG07003 57.5 NRCG10008 
24 NRCG10008 8.8 NRCG01009 63.6 NRCG10005 
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25 NRCG10005 8.4 NRCG01009 38.6 NRCG02021 
26 NRCG08009 6.0 NRCG02025 54.4 NRCG08008 
27 NRCG08007 7.2 NRCG01009 64.1 NRCG08008 
28 NRCG08006 7.2 NRCG01009 65.9 NRCG08008 
29 NRCG08008 8.0 NRCG01009 41.8 NRCG06004 
30 NRCG06003 7.2 NRCG01009 64.0 NRCG06004 
31 NRCG06004 8.2 NRCG07003 68.7 NRCG06006 
32 NRCG06006 9.1 NRCG07003 64.6 NRCG06007 
33 NRCG06012 7.9 NRCG03028 62.7 NRCG06015 
34 NRCG06020 8.7 NRCG03028 68.8 NRCG06018 
35 NRCG06013 7.6 NRCG03028 72.1 NRCG06015 
36 NRCG06015 8.3 NRCG03028 73.3 NRCG06016 
37 NRCG06016 8.2 NRCG03028 71.4 NRCG06019 
38 NRCG06021 9.0 NRCG03028 71.0 NRCG06019 
39 NRCG06018 8.6 NRCG03028 71.7 NRCG06019 
40 NRCG06019 8.0 NRCG03028 52.9 NRCG06011 
41 NRCG08002 9.2 NRCG05021 65.6 NRCG08001 
42 NRCG08003 9.1 NRCG07003 70.2 NRCG08004 
43 NRCG08005 8.7 NRCG06017 72.1 NRCG08004 
44 NRCG08004 8.3 NRCG07003 59.4 NRCG06007 
45 NRCG07001 8.1 NRCG03028 64.9 NRCG07004 
46 NRCG07004 8.1 NRCG06017 74.4 NRCG07002 
47 NRCG08001 8.3 NRCG07003 76.4 NRCG07002 
48 NRCG07002 8.9 NRCG03028 49.5 NRCG06009 
49 NRCG06011 8.1 NRCG03028 68.7 NRCG06009 
50 NRCG06007 7.9 NRCG07003 69.4 NRCG06009 
51 NRCG06008 8.2 NRCG03028 70.8 NRCG06009 
52 NRCG06009 8.2 NRCG03028 34.5 NRCG02004 
53 NRCG08010 8.1 NRCG06017 52.1 NRCG08011 
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54 NRCG08011 6.4 NRCG02025 45.1 NRCG08012 
55 NRCG01045 7.8 NRCG06017 50.0 NRCG01043 
56 NRCG01051 6.8 NRCG06017 58.3 NRCG01046 
57 NRCG01049 7.1 NRCG06017 78.6 NRCG01048 
58 NRCG01052 6.5 NRCG02025 77.9 NRCG01048 
59 NRCG01048 5.0 NRCG06017 81.2 NRCG01047 
60 NRCG01047 6.4 NRCG02025 66.6 NRCG01039 
61 NRCG01018 6.1 NRCG06017 75.4 NRCG01025 
62 NRCG01025 6.5 NRCG06017 68.0 NRCG01031 
63 NRCG05010 6.7 NRCG02025 81.7 NRCG05011 
64 NRCG05011 6.1 NRCG02025 85.0 NRCG05017 
65 NRCG05017 6.4 NRCG03003 84.6 NRCG05018 
66 NRCG05020 5.6 NRCG06017 83.0 NRCG05018 
67 NRCG05019 5.8 NRCG02025 85.8 NRCG05018 
68 NRCG05018 5.9 NRCG02025 61.7 NRCG05016 
69 NRCG05016 7.4 NRCG06017 60.3 NRCG05005 
70 NRCG05005 6.2 NRCG06017 47.6 NRCG04010 
71 NRCG06002 9.0 NRCG01009 48.5 NRCG01026 
72 NRCG01026 7.2 NRCG06017 63.5 NRCG01031 
73 NRCG01039 6.1 NRCG06017 66.3 NRCG01035 
74 NRCG01043 6.4 NRCG06017 77.3 NRCG01035 
75 NRCG01046 7.2 NRCG06017 75.2 NRCG01038 
76 NRCG01032 7.6 NRCG06017 76.5 NRCG01035 
77 NRCG01031 6.9 NRCG06017 80.4 NRCG01035 
78 NRCG01038 6.5 NRCG06017 80.4 NRCG01035 
79 NRCG01035 6.6 NRCG06017 41.2 NRCG01075 
80 NRCG06001 8.3 NRCG07003 43.3 NRCG01071 
81 NRCG01016 5.9 NRCG06017 52.2 NRCG05022 
82 NRCG01071 4.9 NRCG06017 70.4 NRCG05024 
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83 NRCG05022 3.9 NRCG06017 72.5 NRCG05024 
84 NRCG05024 5.5 NRCG06017 79.8 NRCG05023 
85 NRCG05023 5.1 NRCG06017 50.2 NRCG01073 
86 NRCG01069 3.2 NRCG02025 73.4 NRCG01070 
87 NRCG01070 4.6 NRCG06017 57.5 NRCG02039 
88 NRCG08012 7.2 NRCG06017 54.6 NRCG02034 
89 NRCG02031 5.5 NRCG06017 78.3 NRCG02034 
90 NRCG02034 7.5 NRCG06017 69.3 NRCG02039 
91 NRCG02038 5.3 NRCG06017 73.7 NRCG02037 
92 NRCG02037 6.0 NRCG06017 60.4 NRCG02039 
93 NRCG01056 7.7 NRCG06017 77.9 NRCG01059 
94 NRCG01060 8.6 NRCG02025 81.2 NRCG01059 
95 NRCG01059 8.3 NRCG02025 73.4 NRCG01062 
96 NRCG01057 8.8 NRCG02025 72.0 NRCG01061 
97 NRCG01061 8.6 NRCG02025 75.9 NRCG01062 
98 NRCG02017 9.1 NRCG06017 73.2 NRCG05031 
99 NRCG05029 9.8 NRCG06017 77.2 NRCG05030 
100 NRCG05033 8.1 NRCG02025 82.6 NRCG05031 
101 NRCG05031 8.4 NRCG02025 85.4 NRCG05030 
102 NRCG05030 8.9 NRCG06017 72.8 NRCG05034 
103 NRCG01073 8.2 NRCG02025 65.8 NRCG02009 
104 NRCG02014 7.7 NRCG06017 74.7 NRCG02011 
105 NRCG02011 9.4 NRCG02025 80.5 NRCG02009 
106 NRCG02004 7.9 NRCG02025 87.9 NRCG02007 
107 NRCG02007 8.3 NRCG02025 87.0 NRCG02008 
108 NRCG02008 7.2 NRCG02025 85.0 NRCG02009 
109 NRCG02009 9.3 NRCG02025 78.2 NRCG01077 
110 NRCG01075 7.7 NRCG02025 75.8 NRCG01076 
111 NRCG01076 7.1 NRCG02028 82.5 NRCG01077 
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112 NRCG01077 6.8 NRCG06017 85.1 NRCG02002 
113 NRCG02002 6.9 NRCG02025 46.1 NRCG02013 
114 NRCG03030 5.1 NRCG06017 59.1 NRCG03031 
115 NRCG03031 5.3 NRCG06017 59.4 NRCG03032 
116 NRCG03032 4.8 NRCG06017 83.8 NRCG03037 
117 NRCG03037 5.7 NRCG02025 62.9 NRCG04005 
118 NRCG04010 8.6 NRCG02025 
NRCG06017 
66.3 NRCG04005 
119 NRCG04005 7.0 NRCG06017 40.6 NRCG01062 
120 NRCG05036 7.1 NRCG06017 73.2 NRCG05035 
121 NRCG01065 5.8 NRCG02025 70.4 NRCG01064 
122 NRCG05032 4.4 NRCG06017 77.1 NRCG05034 
123 NRCG05035 5.4 NRCG02025 82.6 NRCG05034 
124 NRCG05034 5.3 NRCG06017 63.2 NRCG01064 
125 NRCG01064 5.7 NRCG06017 77.1 NRCG01063 
126 NRCG01063 8.8 NRCG02025 85.3 NRCG01062 
127 NRCG01062 8.7 NRCG02025 46.4 NRCG02039 
128 NRCG08013 7.9 NRCG02036 49.7 NRCG03007 
129 NRCG03007 5.5 NRCG06017 74.4 NRCG03005 
130 NRCG03005 5.7 NRCG06017 
NRCG03015 
76.4 NRCG02039 
131 NRCG02040 4.2 NRCG06017 80.9 NRCG02039 
132 NRCG02039 3.6 NRCG06017 
NRCG02025 
37.7 NRCG01012 
133 NRCG01067 6.3 NRCG06017 38.5 NRCG01066 
NRCG03026 
134 NRCG01066 8.4 NRCG02025 54.7 NRCG03024 
135 NRCG03026 5.1 NRCG06017 56.9 NRCG03024 
136 NRCG03024 7.3 NRCG06017 49.2 NRCG01068 
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137 NRCG02013 6.6 NRCG06017 51.7 NRCG01068 
138 NRCG01012 5.9 NRCG02025 55.5 NRCG01068 
139 NRCG01068 6.4 NRCG06017 34.2 NRCG03029 
140 NRCG03027 7.7 NRCG06017 39.1 NRCG03029 
141 NRCG03029 5.5 NRCG02025 30.7 NRCG01036 
142 NRCG02035 4.4 NRCG02025 67.1 NRCG02029 
143 NRCG02021 4.9 NRCG06017 77.7 NRCG02024 
144 NRCG02029 5.0 NRCG02025 83.4 NRCG02024 
145 NRCG02024 5.1 NRCG02025 30.9 NRCG05027 
146 NRCG01036 5.9 NRCG06017 75.8 NRCG01041 
147 NRCG01040 6.7 NRCG06017 83.5 NRCG01041 
148 NRCG01041 6.6 NRCG06017 34.8 NRCG05028 
149 NRCG05026 7.6 NRCG06017 83.5 NRCG05027 
150 NRCG05025 7.4 NRCG02025 84.5 NRCG05027 
151 NRCG05027 7.3 NRCG02025 88.3 NRCG05028 
152 NRCG05028 7.5 NRCG02025 
NRCG06017 
23.3 NRCG01028 
153 NRCG05021 0.1 NRCG03028 15.0 NRCG06014 
154 NRCG03028 3.8 NRCG06014 30.8 NRCG01009 
155 NRCG01009 2.5 NRCG03036 11.2 NRCG01028 
156 NRCG01042 6.2 NRCG02025 72.3 NRCG02026 
157 NRCG02026 6.9 NRCG01044 77.4 NRCG02027 
158 NRCG02036 4.9 NRCG02025 77.4 NRCG02033 
159 NRCG02027 6.3 NRCG02025 85.4 NRCG02033 
160 NRCG02033 7.1 NRCG06017 74.0 NRCG02042 
161 NRCG07003 6.5 NRCG03003 78.7 NRCG03036 
162 NRCG09004 6.5 NRCG03003 85.1 NRCG03036 
163 NRCG03036 5.7 NRCG01044 74.2 NRCG03033 
164 NRCG03035 5.9 NRCG01044 85.1 NRCG02043 
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165 NRCG03033 5.1 NRCG02025 87.3 NRCG02043 
166 NRCG02042 4.9 NRCG02025 90.3 NRCG02043 
167 NRCG02043 5.0 NRCG02025 17.4 NRCG01003 
168 NRCG01003 17.6 NRCG02025 72.7 NRCG01007 
169 NRCG01007 17.6 NRCG02025 81.4 NRCG01028 
170 NRCG01028 15.9 NRCG06017 76.6 NRCG02019 
171 NRCG06005 15.8 NRCG06017 76.0 NRCG06010 
172 NRCG06010 19.3 NRCG02025 73.7 NRCG03034 
173 NRCG03020 15.6 NRCG06017 77.9 NRCG03025 
174 NRCG03025 15.5 NRCG06017 79.9 NRCG03034 
175 NRCG03034 16.3 NRCG06017 67.0 NRCG02019 
176 NRCG01054 14.9 NRCG02025 73.4 NRCG02019 
177 NRCG02019 14.0 NRCG06017 29.6 NRCG01037 
178 NRCG06014 27.7 NRCG01037 49.6 NRCG03015 
179 NRCG01044 46.5 NRCG03003 75.6 NRCG01037 
180 NRCG01037 43.2 NRCG02028 45.7 NRCG02025 
181 NRCG06017 70.8 NRCG03019 73.4 NRCG02028 
182 NRCG03003 76.2 NRCG02025 85.1 NRCG03015 
183 NRCG03019 75.9 NRCG02025 86.2 NRCG03015 
184 NRCG03015 72.3 NRCG02025 78.5 NRCG02041 
185 NRCG02025 77.5 NRCG02028 81.4 NRCG02041 
186 NRCG02028 90.5   100.0   
187 NRCG02041     100.0   
 
 
 
 
 
 
 
 242
 
 
 
 
 
Figure 59: Similarity matrix of A. flavus for primer combination Eco RI - C/Mse I -
CAG. 
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Table 34: Maximum and minimum composite similarity index (SI) of each isolate 
with all five AFLP primers combination. 
Cl 
no. 
Isolate Min SI With Isolate Max SI With Isolate 
1 NRCG06003 5.9 NRCG07001 59.5 NRCG06002 
2 NRCG06002 5.7 NRCG07001 45.3 NRCG01041 
3 NRCG08001 8.3 NRCG07001 64.1 NRCG08002 
4 NRCG08002 8.3 NRCG07001 47.7 NRCG07004 
5 NRCG07002 10.0 NRCG01068 62.5 NRCG07004 
6 NRCG07004 7.7 NRCG05021 45.5 NRCG06021 
7 NRCG08008 8.3 NRCG05034 60.6 NRCG08006 
8 NRCG08007 9.1 NRCG07001 78.8 NRCG08006 
9 NRCG08006 8.5 NRCG03031 67.6 NRCG08005 
NRCG08004 
10 NRCG08010 6.7 NRCG03037 57.1 NRCG08005 
11 NRCG08005 8.3 NRCG07001 75.0 NRCG08003 
12 NRCG08003 5.6 NRCG07001 80.0 NRCG08004 
13 NRCG08004 5.4 NRCG07001 50.0 NRCG02031 
14 NRCG08009 10.9 NRCG05022 60.0 NRCG08011 
15 NRCG08011 10.3 NRCG03007 56.7 NRCG08012 
16 NRCG08012 9.1 NRCG01009 56.7 NRCG06001 
17 NRCG06001 5.4 NRCG01067 45.2 NRCG01003 
18 NRCG07001 0.0 NRCG01069  21.9 NRCG06008 
      NRCG01071     
      NRCG02013     
      NRCG02011     
      NRCG02014     
      NRCG02008     
      NRCG02002     
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      NRCG01077     
      NRCG02007     
      NRCG02004     
      NRCG01076     
      NRCG01075     
19 NRCG01009 0.0 NRCG01058 18.9 NRCG06013 
20 NRCG08013 6.5 NRCG05024 36.4 NRCG02021 
21 NRCG01067 2.6 NRCG02017 33.3 NRCG01068 
NRCG09001 
22 NRCG01058 0.0 NRCG01069 33.3 NRCG03026 
NRCG05027 
23 NRCG01068 3.4 NRCG05033 45.0 NRCG03024 
24 NRCG03026 3.7 NRCG01069 73.7 NRCG03024 
25 NRCG03024 3.6 NRCG01069 30.8 NRCG07003 
26 NRCG06004 11.8 NRCG05025 
NRCG05026 
51.4 NRCG06007 
27 NRCG06008 12.8 NRCG01069 70.3 NRCG06011 
28 NRCG06007 11.6 NRCG05031 68.6 NRCG06009 
29 NRCG06009 14.9 NRCG02017 72.2 NRCG06011 
30 NRCG06011 15.7 NRCG05024 56.4 NRCG06012 
31 NRCG06006 9.8 NRCG05031 55.6 NRCG06021 
32 NRCG06021 10.2 NRCG05021 
NRCG05020 
61.9 NRCG06019 
33 NRCG06012 6.0 NRCG05020 67.5 NRCG06019 
NRCG06020 
34 NRCG06013 10.0 NRCG05021 
NRCG05020 
83.8 NRCG06015 
35 NRCG06018 14.3 NRCG01069 89.5 NRCG06015 
36 NRCG06019 13.2 NRCG05021 89.7 NRCG06020 
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NRCG05020 
37 NRCG06015 12.2 NRCG10009 92.1 NRCG06016 
38 NRCG06016 11.1 NRCG05021 94.7 NRCG06020 
39 NRCG06020 11.1 NRCG05021 41.8 NRCG01065 
40 NRCG01065 12.7 NRCG03031 54.5 NRCG01066 
41 NRCG01066 12.0 NRCG01069 48.4 NRCG01049 
42 NRCG01012 7.1 NRCG01069 59.4 NRCG01046 
43 NRCG01051 3.2 NRCG05035 67.2 NRCG01052 
44 NRCG01052 4.9 NRCG05035 70.7 NRCG01049 
45 NRCG01049 3.3 NRCG01069 70.0 NRCG01048 
46 NRCG01038 7.7 NRCG05034 63.6 NRCG01043 
47 NRCG01026 10.0 NRCG03032 65.0 NRCG01032 
48 NRCG01039 7.0 NRCG01069 69.0 NRCG01025 
49 NRCG01031 12.1 NRCG05034 75.0 NRCG01025 
50 NRCG01035 13.2 NRCG03030 
NRCG03027  
78.0 NRCG01032 
51 NRCG01025 7.0 NRCG01069 77.6 NRCG01032 
52 NRCG01032 11.8 NRCG09002 74.2 NRCG01018 
53 NRCG01016 9.1 NRCG01073 74.6 NRCG01018 
54 NRCG01018 9.0 NRCG01069 71.6 NRCG01046 
55 NRCG01043 5.1 NRCG01069 85.7 NRCG01046 
56 NRCG01046 8.2 NRCG01069 69.4 NRCG01048 
57 NRCG01048 6.8 NRCG01069 68.9 NRCG01047 
58 NRCG01047 9.7 NRCG01073 52.2 NRCG01036 
59 NRCG01064 8.5 NRCG03019 57.9 NRCG01063 
60 NRCG01063 11.5 NRCG01069 68.5 NRCG01062 
61 NRCG01061 10.7 NRCG01069 69.6 NRCG01062 
62 NRCG01062 11.8 NRCG01069 66.1 NRCG01057 
63 NRCG01057 14.0 NRCG01069 75.9 NRCG01060 
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64 NRCG01060 13.6 NRCG03030 79.3 NRCG01059 
65 NRCG01059 11.9 NRCG03019 69.8 NRCG01056 
66 NRCG01036 13.8 NRCG05034 
NRCG05035 
61.7 NRCG01040 
      NRCG05036     
67 NRCG01041 9.8 NRCG10005 70.9 NRCG01040 
68 NRCG01040 13.5 NRCG01069 48.5 NRCG01045 
69 NRCG01056 9.7 NRCG05036 52.9 NRCG01053 
70 NRCG01045 9.4 NRCG05034 59.7 NRCG01055 
71 NRCG01053 11.9 NRCG06010 72.1 NRCG01055 
72 NRCG01055 15.0 NRCG05034 42.4 NRCG02034 
73 NRCG02038 13.0 NRCG10009 69.2 NRCG02037 
74 NRCG02037 13.0 NRCG10009 48.8 NRCG02034 
NRCG02031 
75 NRCG02017 7.9 NRCG05033 45.9 NRCG02034 
76 NRCG02034 4.2 NRCG10009 77.1 NRCG02031 
77 NRCG02031 4.2 NRCG10009 62.9 NRCG02024 
78 NRCG02021 4.0 NRCG05024 85.2 NRCG02029 
79 NRCG02029 3.8 NRCG05024 85.7 NRCG02024 
80 NRCG02035 2.0 NRCG05024 77.8 NRCG02024 
81 NRCG02024 3.8 NRCG05024 32.6 NRCG02013 
82 NRCG02039 10.0 NRCG06010 100.0 NRCG02040 
83 NRCG02040 10.0 NRCG06010 50.0 NRCG01071 
84 NRCG01069 2.7 NRCG03027 50.0 NRCG01071 
85 NRCG01071 5.6 NRCG05023 57.1 NRCG01070 
86 NRCG01070 10.0 NRCG03027 41.7 NRCG05035 
NRCG05036 
87 NRCG01073 12.8 NRCG05024 52.0 NRCG01076 
88 NRCG02013 14.6 NRCG04005 85.3 NRCG02011 
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89 NRCG02011 15.6 NRCG05032 67.6 NRCG02008 
90 NRCG02014 21.1 NRCG06010 72.4 NRCG02002 
91 NRCG02008 18.4 NRCG05032 85.2 NRCG02007 
92 NRCG02002 20.5 NRCG05032 
NRCG03005 
89.3 NRCG01077 
93 NRCG01077 21.1 NRCG03005 92.3 NRCG02004 
94 NRCG02007 18.4 NRCG03005 88.5 NRCG02004 
95 NRCG02004 20.0 NRCG05033 91.7 NRCG01076 
NRCG01075 
96 NRCG01076 18.7 NRCG02027 91.3 NRCG01075 
97 NRCG01075 20.0 NRCG03005 39.4 NRCG02009 
98 NRCG03007 11.1 NRCG05032 53.8 NRCG03005 
99 NRCG03005 10.3 NRCG03020 39.0 NRCG02042 
100 NRCG03035 19.0 NRCG05035 84.2 NRCG03036 
101 NRCG03036 23.8 NRCG05035 69.8 NRCG02042 
102 NRCG02042 19.6 NRCG05033 73.8 NRCG02043 
103 NRCG02043 16.7 NRCG05031 76.2 NRCG02036 
104 NRCG02036 17.4 NRCG05034 46.9 NRCG07003 
105 NRCG02033 19.6 NRCG01037 86.5 NRCG02027 
106 NRCG02027 19.1 NRCG01037 77.5 NRCG02026 
107 NRCG01042 21.7 NRCG05032 80.0 NRCG02026 
108 NRCG02026 20.4 NRCG05023 48.9 NRCG07003 
109 NRCG03033 16.0 NRCG05033 64.4 NRCG07003 
110 NRCG09004 23.3 NRCG05033 72.5 NRCG07003 
111 NRCG07003 20.9 NRCG05033 48.7 NRCG02025 
112 NRCG01074 19.5 NRCG03037 40.6 NRCG01037 
113 NRCG03025 18.4 NRCG03031 61.3 NRCG01007 
114 NRCG01003 14.6 NRCG03028 65.5 NRCG01007 
115 NRCG01054 22.0 NRCG03028 70.0 NRCG02019 
  
 
253 
 
116 NRCG01007 19.5 NRCG05021 
NRCG05020 
73.3 NRCG02019 
117 NRCG02019 23.5 NRCG05034 66.7 NRCG01028 
118 NRCG01037 15.6 NRCG05034 60.7 NRCG01028 
119 NRCG01028 17.5 NRCG05021 
NRCG05020 
65.5 NRCG02025 
120 NRCG02025 17.5 NRCG05020 74.1 NRCG02028 
121 NRCG03015 17.5 NRCG05021 57.1 NRCG03019 
122 NRCG03019 15.0 NRCG03027 72.0 NRCG02028 
123 NRCG01044 17.5 NRCG05020 85.2 NRCG02041 
124 NRCG02041 19.5 NRCG05020 81.5 NRCG02028 
125 NRCG02028 17.9 NRCG05023 
NRCG05020 
77.8 NRCG03003 
126 NRCG03003 20.0 NRCG05023 
NRCG05020 
50.0 NRCG03020 
127 NRCG06014 19.0 NRCG05022 85.2 NRCG06017 
128 NRCG06017 20.9 NRCG05022 53.1 NRCG10006 
129 NRCG03020 14.7 NRCG05035 75.0 NRCG06005 
130 NRCG06010 12.2 NRCG05020 75.0 NRCG03034 
131 NRCG06005 19.5 NRCG05020 85.7 NRCG03034 
132 NRCG03034 19.5 NRCG05020 43.7 NRCG08015 
133 NRCG05027 21.4 NRCG05020 50.0 NRCG05022 
134 NRCG03028 25.6 NRCG05025 
NRCG05026 
48.4 NRCG03032 
NRCG03031 
135 NRCG03032 19.4 NRCG05036 64.0 NRCG10005 
136 NRCG03031 23.3 NRCG05035 63.0 NRCG10002 
137 NRCG03037 25.6 NRCG04005 59.4 NRCG03030 
138 NRCG03030 25.7 NRCG05033 57.6 NRCG05022 
139 NRCG05034 18.2 NRCG05021 61.9 NRCG05033 
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140 NRCG05033 20.6 NRCG05021 
NRCG05020 
50.0 NRCG02009 
141 NRCG05035 20.0 NRCG05022 88.2 NRCG05036 
142 NRCG05036 20.0 NRCG05022 54.2 NRCG05028 
143 NRCG05031 24.3 NRCG03027 78.3 NRCG05029 
NRCG05030 
144 NRCG05028 27.0 NRCG03027 90.9 NRCG05029 
NRCG05030 
145 NRCG05029 25.7 NRCG05020 100.0 NRCG05030 
146 NRCG05030 25.7 NRCG05020 59.3 NRCG09002 
147 NRCG03029 32.5 NRCG03027 61.3 NRCG10006 
148 NRCG09002 37.1 NRCG03027 72.0 NRCG08017 
149 NRCG09001 34.3 NRCG05021 84.6 NRCG08019 
150 NRCG08014 31.4 NRCG05021 80.8 NRCG08019 
151 NRCG08020 31.4 NRCG05021 95.8 NRCG08019 
152 NRCG08019 34.3 NRCG05021 92.0 NRCG08021 
153 NRCG08018 27.8 NRCG05021 95.8 NRCG08021 
154 NRCG08021 30.6 NRCG05021 100.0 NRCG08022 
155 NRCG08022 30.6 NRCG05021 83.3 NRCG08015 
156 NRCG08015 27.8 NRCG05022 81.8 NRCG08016 
157 NRCG08016 27.8 NRCG05022 86.4 NRCG08017 
158 NRCG08017 30.6 NRCG05022 
NRCG03027 
63.0 NRCG10006 
159 NRCG02009 27.0 NRCG05021 80.8 NRCG10006 
160 NRCG10007 28.6 NRCG05021 87.5 NRCG10006 
161 NRCG10006 28.9 NRCG03027 66.7 NRCG10003 
162 NRCG10005 31.4 NRCG03027 82.6 NRCG10008 
163 NRCG10009 25.0 NRCG03027 86.4 NRCG10008 
164 NRCG10008 26.3 NRCG03027 78.3 NRCG09005 
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165 NRCG10003 33.3 NRCG03027 95.7 NRCG10002 
166 NRCG10002 36.1 NRCG03027 84.0 NRCG10001 
167 NRCG10004 27.8 NRCG03027 79.2 NRCG10001 
168 NRCG09005 28.6 NRCG03027 82.6 NRCG10001 
169 NRCG10001 33.3 NRCG05025 58.1 NRCG05011 
170 NRCG05024 30.8 NRCG05023 90.0 NRCG05026 
171 NRCG05025 33.3 NRCG05023 93.3 NRCG05026 
172 NRCG05026 33.3 NRCG05023 44.7 NRCG05011 
173 NRCG04010 28.2 NRCG03027 72.4 NRCG05011 
174 NRCG05011 44.4 NRCG03027 
NRCG05022 
60.0 NRCG05016 
175 NRCG05023 38.7 NRCG05032 71.0 NRCG05005 
176 NRCG05021 30.3 NRCG05032 76.9 NRCG05020 
177 NRCG05020 32.4 NRCG03027 71.0 NRCG05017 
178 NRCG05016 38.9 NRCG05032 87.5 NRCG05005 
179 NRCG05010 36.1 NRCG05032 96.7 NRCG05005 
180 NRCG05005 35.1 NRCG05032 90.6 NRCG05018 
181 NRCG05017 38.9 NRCG05032 96.8 NRCG05018 
182 NRCG05018 37.8 NRCG05032 100.0 NRCG05019 
183 NRCG05019 37.8 NRCG05032 54.1 NRCG05022 
184 NRCG05032 39.4 NRCG03027 46.7 NRCG04005 
185 NRCG04005 42.9 NRCG05022 51.5 NRCG03027 
186 NRCG03027 52.9   100.0   
187 NRCG05022     100.0   
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Figure 65: Composite similarity matrix of A. flavus for all five AFLP primer 
combinations. 
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 EcoRI + AC/MseI + G primer combination has minimum SI value 
(12.6%) between NRCG 01028 & NRCG 01036, whereas maximum SI value 
(89.7) found between NRCG 02011 & NRCG 02013. The mean SI value for 
this combination was observed maximum (51.15) compared to other studied 
AFLP primer combinations (Table 31 and Fig 44). On the basis of composite 
SI value of all five AFLP primer combinations it was observed that minimum 
SI value was as low as 0.0% among 15 isolates and as high as 100.0 % among 
6 isolates (Table 34 and Fig 65). It is evident that there were more scoreable 
polymorphisms within group A of A. flavus than within group B and G A. 
flavus isolates, using the five primer-pair combinations (Fig 67 to Fig 71). 
Based on the unrooted dendrogram of all A. flavus isolates it was observed that 
most of the isolates collected from same district could come in the same clade 
except few (Fig 66). It was also observed that isolates of Junagadh were 
frequent in the clades of other districts. The AFLP markers were not useful to 
discriminate among isolates with different toxigenic ability, as toxigenic and 
non-toxigenic isolates were scattered throughout the dendrogram. However, 
composite dendrogram showed one sub cluster within A group (Clade VII), 
which contained 17 isolates of SK Nagar district and approximately 80% 
isolates were aflatoxigenic (Fig. 72). Most of the isolates from same district 
could be clustered together. Within district and within group also lot of genetic 
variability was observed. It has also been observed that few isolates of other 
districts were genetically close to the isolates of other districts, the probable 
reason for this may be the dissemination of isolates from one district to another 
district either by the means of kernels or pods. 
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Figure 66: Unrooted dendrogram of Aspergillus flavus isolates based on AFLP data 
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Table 35: Polymorphic sites in Aspergillus flavus isolates obtained with five AFLP 
primer pair combinations  
 
Sr. 
No. 
Primer combination Total ⁄ 
Polymorphic 
bands 
Percentage of 
polymorphic 
bands 
Mean 
SI value 
1 EcoRI +AA/MseI + A  10285/7347 71 % 45.8 
2 EcoRI + AC/MseI + G  9537/6656 70 % 51.1 
3 EcoRI + AC/MseI + A  12155/6472 53 % 45.2 
4 EcoRI + AC/MseI + T  11407/5565 49 % 48.0 
5 EcoRI + C/MseI + CAG  10285/7461 73 % 45.2 
 Total 53669/33501 62 % 50.0 
 
Previous studies on aflatoxin producing Aspergillus section Flavi populations 
isolated from peanut cropping system in India showed that A. flavus was the 
dominant species (Rao et al., 1965; Patil and Shinde 1985). These populations 
were examined for inoculum distribution, sclerotia production and 
aflatoxigenecity (Verma et al., 1996; Barros et al., 2005). The current study 
provides new data on the molecular characterization of Aspergillus section 
Flavi populations isolated from peanut fields in India. Aspergillus section Flavi 
includes species with conidial heads in shades of yellow–green to brown and 
dark sclerotia (Varga et al., 2004). Early studies were carried out in order to 
distinguish different species based on growth characteristics, metabolite 
production and spore morphology (Dorner et al., 1984; Klich and Pitt 1988; 
Pitt 1992). In the present study using AFLP analysis all 187 isolates of A. 
flavus were distinctly separated in three groups viz., A, B and G, which were 
earlier characterized by morphological characters. Our results agree with 
Barros et al. (2007), who analysed 48 isolates of A. flavus and 34 isolates of A. 
parasiticus. Using the AFLP technique and could clearly separate the A. flavus 
isolates from the A. parasiticus isolates. Similar results were also obtained 
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through other molecular methods (Kumeda and Asao 1996; Tran Dinh et al., 
1999; Wang et al., 2001). 
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Figure 67: Clustering pattern of 187 Aspergillus flavus isolates by E-AA/M-A 
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Figure 68: Clustering pattern of 187 Aspergillus flavus isolates by E-AC/M-A 
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Figure 69: Clustering pattern of 187 Aspergillus flavus isolates by E-AC/M-G 
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Figure 70: Clustering pattern of 187 Aspergillus flavus isolates by E-AC/M-T 
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Figure 71: Clustering pattern of 187 Aspergillus flavus isolates by E-C/M-CAG 
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Figure 72: Clustering pattern of 187 Aspergillus flavus isolates based on composite 
AFLP analysis 
 
Cont. 
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A composite dendrogram was prepared based on all five AFLP primer 
combination (E-AA/M-A, E-AC/M-A, E-AC/M-T, E-AC/M-G and E-C/M-
CAG) using Gel Compare II software (Fig. 72). Based on this composite AFLP 
dendrogram all 187 isolates could be divided into 14 different clusters. All 12 
G group isolates could cluster together in cluster III and in similar way all 20 B 
group isolates could cluster together in cluster IV. Cluster XIII contained 
maximum 21 isolates, whereas cluster II contained minimum only one isolate, 
i.e., NRCG 01009. All group A isolates of Junagadh district occupied three 
separate clusters, viz. cluster V, VI and VII. Cluster XI consists all isolates 
from Bhavnagar district and in similar way cluster XII consists all isolates 
from SK Nagar district. Cluster I contained all isolates from Amreli district 
except two isolates from Bhuj district. Cluster VIII consists isolates of Bhuj 
district only except one isolate from Anand district. Cluster X consists isolates 
of Bhavnagar district only but for an isolate from Anand district. Cluster XIV 
consists isolates of Surendranagar district except three isolates from Jamnagar 
district, viz., NRCG 07001, NRCG 07004 and NRCG 07002. Cluster IX 
consists four isolates from Junagadh district and nine isolates from Amreli 
district. In similar way cluster XIII consists of isolates from three adjoining 
districts, i.e., Surendranagar, Rajkot and Porbandar. From the clustering pattern 
based on composite AFLP analysis it has been observed that most of the 
isolates of same district could be clustered together. A few isolates of other 
district if comes in the cluster of some other district then it might be due to 
dissemination of seed material from one district to another district or due to 
some other means in the neighbouring district. Thus, by using these five AFLP 
primer combinations the isolates could be grouped according to their 
morphological character and their geographical origin. Hence, by using AFLP 
as a molecular marker different morphological groups e.g. Group A, B and G 
of Aspergillus flavus isolates can be identified. 
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Table 36: Distinct fragments identified with 5 AFLP primer pair combinations 
in respect to isolates illustrated in AFLP gel figures 
 
AFLP 
Primer 
pair 
Diagnostic/
Specific 
fragments 
(bp) 
Presence/
Absence 
of band 
(+/-) 
Serial number of 
Isolate 
Group of 
Isolate 
E-AA/M-A 265 + 16, 23, 24, 31, 42, 61, 
97, 98, 99, 100 & 101, 
A 
 
125 + 16, 23, 24, 31, 42, 61, 
97, 98, 99, 100, 101, 
115,116, 117, 118, 151 
& 152 
A 
 
200 + 156 – 175 & 176 – 187  B & G 
 
200 - 1 – 155  A 
E-AC/M-A 375 + 10, 13, 14, 42, 55, 89, 
90, 91 & 92 
A 
 
115 - 10, 13, 14, 23, 24, 42, 
55, 56, 57, 60, 
89,90,91 & 92 
A 
 
400 + 176 – 187 G 
 
400 - 156 – 175 B 
 
400 - 1 – 155 A 
 
525 + 156 – 175 B 
 
525 - 176 – 187 G 
 
525 - 1 – 155  A 
E-AC/M-G 390 + 10, 13, 14, 89, 90, 91 
& 92 
A 
 
190 - 10, 13, 14, 23, 24, 42, 
89, 90, 91 & 92 
A 
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375 + 156 – 175  B 
 
375 -  1 – 155  A 
E-AC/M-T 300 - 1,10, 13, 14, 16, 19, 
23, 24, 42, 55, 56, 57, 
60, 93, 94, 95 & 96 
A 
 
225 + 156 – 175  B 
E-C/M-
CAG 
210 + 10, 13, 14, 93, 94, 95, 
96 & 102 
A 
 
185 + 10, 13, 14, 34, 89, 90, 
91 & 92 
A 
 
180 + 10, 13, 14, 34, 89, 90, 
91 & 92 
A 
 
100 - 1, 10, 13, 14, 16, 23, 
24, 42, 55, 56, 57, 60, 
89, 90, 91, 92, 97, 98, 
99, 100 & 101 
A 
 
250 + 156 – 175  B 
 
190 + 156 – 175  B 
 
The present study has also identified polymorphic and specific bands 
for A. flavus (Table 36). All five AFLP primer combinations could show some 
specific fragments, which may be specifically used for the identification of 
different group of isolates from each other, viz., 200 bp fragment, amplified by 
E-AA/M-A primer combination, was absent in all A group isolates but the 
same was present in all B and G group isolates. A fragment of 400 bp, 
amplified by E-AC/M-A primer combination, was present in all G group 
isolates and absent in all B and A group isolates. The same primer combination 
could amplifiy a fragment of 525 bp that was present only in all B group 
isolates and absent in all A and G group isolates. Some unique fragments were 
also present or absent in isolates and may serve as specific marker for 
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identification of respective isolates or group of isolates. By using five AFLP 
primer combinations some specific isolates, e.g. NRCG 02037, NRCG 02021 
and NRCG 05024 can be identified. Apart from individual isolates, a set of 
isolates and group of isoaltes have also produced specific fingerprint and can 
be identified by using above described five AFLP primer combinations e.g. 
Group B, Group G and Group A isolates produced different fingerprints and 
could be differentiated from each other. Some set of isolates, e.g. NRCG 
01036; NRCG 01040; NRCG 01041, NRCG 01045; NRCG 01053; NRCG 
01055; NRCG 01062, NRCG 02037; NRCG 05032; NRCG 05033; NRCG 
05034; NRCG 05035; NRCG 05036, NRCG 05024; NRCG 05025; NRCG 
05026; NRCG 05027, NRCG 05028; NRCG 05029; NRCG 05030; NRCG 
05031; NRCG 06001 and NRCG 06018; NRCG 06019; NRCG 06020; NRCG 
06021; NRCG 10005; NRCG 10006. Thus, these diagnostic/specific fragments 
could be useful to establish a PCR-based diagnostic assay by developing 
sequence characterized amplified regions (SCARs).  Some specific amplicons 
that may be used for development of SCARs are listed in table 37. These 
SCARs may be thus used as a codominant marker for indentification of 
specific isolates, a set of isolates or/and a group of isolates of Aspergillus 
flavus as given in the figure 73. Once the SCARs will be developed the 
identification of Aspergillus flavus isolates will be more easy, rapid and cost 
effective. 
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Table 37: Amplicons that can be used for SCAR development against specific 
isolates and/or group of isolates  
Amplicons (bp) to be 
used for SCAR 
development 
AFLP primer 
combination used for 
amplification 
Isolates/Group of 
Isolates that can be 
identified 
265 E-AA/M-A 16, 23, 24, 31,42, 61, 97, 
98, 99, 100 and 101 
125 E-AA/M-A 16, 23, 24, 31,42, 61, 97, 
98, 99, 100 and 101, 115, 
116, 117, 118, 151 and 
152 
200 E-AA/M-A Group B and Group G 
375 E-AC/M-A 10, 13, 14, 42, 55, 89, 
90, 91 and 92 
400 E-AC/M-A Group G 
525 E-AC/M-A Group B 
390 E-AC/M-G 10, 13, 14, 89, 90, 91 and 
92 
375 E-AC/M-G Group B 
225 E-AC/M-T Group B 
210 E-C/M-CAG 10, 13, 14, 93, 94, 95, 96 
and 102 
185 E-C/M-CAG 10, 13, 14, 34, 89, 90, 91 
and 92 
180 E-C/M-CAG 10, 13, 14, 34, 89, 90, 91 
and 92 
250 E-C/M-CAG Group B 
190 E-C/M-CAG Group B 
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Figure 73: Expected fingerprint of specific isolates and group of isolates after SCAR development and amplification with five 
AFLP primer combinations 
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This could be particularly important in the prevention of peanut 
contamination with aflatoxin. Schmidt et al. (2004) suggested that PCR diagnostics 
could be of great value in studies on the ecology and epidemiology, where vast 
numbers of isolates have to be screened in a short time. Conventional methods used 
to distinguish between toxigenic and nontoxigenic isolates in the A. flavus groups 
involve culturing the fungus in suitable inducting media, extracting aflatoxin with 
organic solvents and monitoring their presence by chromatographic techniques (Lin 
et al., 1998). Several molecular methods have been tried to differentiate between 
nonaflatoxigenic and aflatoxigenic isolates of A. flavus with little success. 
However, in the present study a subcluster with in group A isolates of A. flavus, 
comprising 17 isolates from the same district, SK Nagar, contained approximately 
80% aflatoxigenic isolate (Fig 72). This may be due to dissemination of genetically 
similar and toxic isolates of A. flavus in the district SK Nagar. Considering overall 
results of composite analysis in the present investigation also AFLP analysis was 
found ineffective for separating the isolate types on the basis of aflatoxigenecity, as 
both aflatoxigenic and nonaflatoxigenic forms were intermixed within the groups 
with no clear separation. This result agrees with previous studies in Aspergillus 
section Flavi considering AFLPs (Montiel et al., 2003; Barros et al., 2007), ITS 
sequence comparison (Montiel et al., 2003), quadruplex PCR (Criseo et al., 2001), 
DNA amplification fingerprinting techniques (Baird et al., 2006) and RAPDs 
(Yuan et al., 1995; Tran Dinh et al., 1999). Similar results were obtained in black 
aspergilli (A. carbonarius and A. ochraceus) using AFLP analysis. Previous studies 
indicated that using AFLP no genotypical difference could be established between 
ochratoxin producers and non-producers (Schmidt et al., 2003; Schmidt et al., 
2004; Perrone et al., 2006). Tran Dinh et al. (1999) suggested that in the absence of 
sexual recombination, and as toxin production is very complex and unlikely to be 
independently acquired, nontoxigenicity has been lost multiple times by different 
isolates. Geiser et al. (1998) also showed that A. flavus has a history of 
recombination; this may mean that the nontoxigenic phenotype has been passed 
laterally between isolates of different genetic backgrounds. Kusumoto et al. (2000) 
reported that analysis of deletions within the aflatoxin biosynthetic gene cluster 
will be a more effective marker for differentiation of aflatoxigenic and 
nonaflatoxigenic isolates. There were more scoreable polymorphisms within group 
A of A. flavus isolates than within group B and G isolates of A. flavus. Our results 
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are in agreement with Barros et al. (2007), who could also found intraspecific 
variability within 48 A. flavus isolates using AFLPs. Geiser et al. (2000) showed 
that A. flavus represents a nonmonophyletic assemblage, including at least two 
groups (I and II) of strains that showed evidence for a long history of reproductive 
isolation. They suggested that isolates with small sclerotia, able to produce 
aflatoxins B and G and CPA included into the group II, deserve recognition as a 
new species, but in this study no significant  (P = 0.01) correlation was found 
between size of sclerotia and aflatoxigenicity. One of the main advantages of AFLP 
analysis is that it represents a powerful tool in molecular fingerprinting of isolates 
and allows the study of relationships among isolates at the population and species 
levels (Brown 1996). However, in the present study the AFLP technique could 
successfully discriminate the A. flavus isolates of B and G group from the isolates 
of A group. Berbee et al. (1995) suggested that sequence based analysis is more 
useful in defining higher order phylogenetic relationships between clades. Based on 
our finding we may suggest that AFLP technique will provide more genetic 
information about the A. flavus isolates from peanut based cropping systems in 
India and may be used as a powerful molecular tool for studying genetic diversity 
in Aspergillus flavus.  
 
4.6 Composite analysis of Morphological, Biochemical and Molecular data 
 
A composite analysis was done including morphological, biochemical and 
molecular data. Number of sclerotia per plate, size of sclerotia and colony diameter 
are morphological parameters, which were used for analysis. In biochemical 
parameter only aflatoxin content was used for analysis. ITS data and AFLP data 
was used as molecular parameter. Based on these data a composite dendrogram 
was prepared using average linkage between groups by statistical software SPSS.  
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Figure 74: Composite dendrogram of A. flavus isolates based on morphological, 
biochemical and molecular data 
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 From the dendrogram it was observed that all isolates could be divided into 
two different major clusters, i.e. cluster I and II (Fig 74). All isolates of cluster I are 
non sclerotial producer, whereas all isolates of cluster II are sclerotial producers, 
thus cluster I and II may be named as cluster of non sclerotia producers and cluster 
of sclerotia producers respectively. Further cluster II has been divided into several 
sub clusters. Cluster IIB is a small cluster with only five isolates but all are highly 
toxic isolates producing too much aflatoxin in the range of 657 to 875 ppb. Cluster 
IIA is a big cluster and further divided into several small clusters (Fig 74), these 
small clusters have also showed some specific clustering pattern, e.g. cluster IIAa1 
is the biggest cluster consisting of 71 isolates, where 59 isolates are non-
aflatoxigenic, seven are moderately aflatoxigenic and five are highly aflatoxigenic. 
Out of five highly aflatoxigenic isolates of cluster IIAa1 four isolates are together 
at one end of cluster and one isolate is at another extreme end of the cluster (Fig 
74). Cluster IIAa2 and cluster IIAa3 also have highly aflatoxigenic isolates that 
produces aflatoxin in the range of 214 to 471 ppb. Sub cluster IIAb2(a) consist of 
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all non- aflatoxigenic isolates except one that is moderately aflatoxigenic. Sub 
cluster IIAb2(b) has only one isolate i.e., higly aflatoxigenic. Sub cluster IIAb1 has 
also 28 non- aflatoxigenic isolates, six moderately aflatoxigenic isolates and only 
one highly aflatoxigenic isolate. It was also observed that isolates were grouped in 
different clusters on the basis of size of sclerotia and sclerotia production capacity, 
e.g. all isolates of sub cluster IIAb are high sclerotial producer but when it was 
further divided into IIAb1 and IIAb2 then it was observed that all isolates of sub 
cluster IIAb1 produces large size of sclerotia but all isolates of sub cluster IIAb2 
produces small size of sclerotia. Sub cluster IIAa1 is the biggest cluster and all 
isolates produces large size of sclerotia but quantity wise the isolates were poor to 
high sclerotia producer. Thus, on the basis of this composite analysis it has been 
observed that the isolates could be grouped on the basis of aflatoxigenicity as well 
as sclerotia production and sclerotial size. So, it is found that morphological and 
biochemical data when combined with the molecular data, gave very meaningfull 
clustering. Grouping on the basis of aflatoxigenicity was not possible, when done 
in isolation either with morphological data or molecular data but on the other hand 
composite analysis of molecular data alongwith morphological and biochemical 
data could group highly aflatoxigenic isolates together and non- aflatoxigenic 
isolates together in small sub clusters as discussed above. Thus, composite analysis 
may be more reliable and may give more meaningfull clustering pattern of isolates. 
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5. SUMMARY AND CONCLUSION 
Characterization and cataloguing of isolates of living organisms help in 
identifying the commonalties and differences across the isolates for various traits.  
Such catalogue, once prepared systematically by characterizing various desirable 
and undesirable traits of the isolates, would help in effective utilization of these 
isolates for several useful purposes. For instance, the aflatoxigenicity of isolates of 
Aspergillus flavus collected from different geographic locations would help in 
developing distribution map of aflatoxigenic and non-aflatoxigenic isolates and 
thus helping in location of sites for production of aflatoxin free agricultural 
commodities such as groundnut. 
Groundnut is an important oil and food crop of India and contributes about 33 
percent of the edible oil of the country. In the recent years, due to increasing 
competition from other cheaper edible oils, diversification of groundnut for food 
purpose is gaining importance. In this context, the opening of global markets 
through WTO could be effectively utilized. However, after maize, groundnut is 
considered as most vulnerable commodity for aflatoxin contamination and the 
stringent tolerance limits imposed by the importing nations make it imperative to 
meet the challenge to be in the international fray. Research efforts are underway to 
produce aflatoxin-free groundnuts so that the Indian export market may avoid loss 
of export revenue. 
One hundred and eighty seven isolates of Aspergillus spp. collected from 
different agro-ecological regions of groundnut production system of Gujarat and 
identified as Aspergillus flavus. These isolates were characterized and catalogued 
for growth related traits such as colony color, colony radius and sclerotial 
production. Toxigenic and non-toxigenic isolates were identified by ammonia 
vapor test and ELISA. Aflatoxin content was quantified for all isolates by indirect-
competitive ELISA. Molecular characterization was done for ITS regions and by 
using AFLP as a molecular marker. 
All the isolates fell into three color classes viz., Parrot green, White fluffy with 
yellow sporulation and Olive green. Out of 187 isolates 155 belonged to Parrot 
green and grouped as Group A isolates; 20 belonged to white fluffy with yellow 
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sporulation and grouped as Group B and 12 belonged to Olive green and grouped 
as Group G.  
Among 187 isolates, 127 were sclerotial producers, while 60 were non-
sclerotial producers. Among the sclerotial producers, 34 belonged to low producing 
types, 38 belonged to moderate sclerotial producing types and 55 belonged to high 
sclerotial producing types. 
The sclerotial size across the isolates varied from 587 to 1349 µm. The largest 
size of sclerotia was produced by two isolates viz., NRCG 03015 and NRCG 07001 
(1349 µm), whereas isolate NRCG 01051 produced the smallest sclerotia (587 
µm). It was also observed that the isolate that produced less number of sclerotia 
usually produced large sclerotial size on other hand the isolates which produced 
more number of sclerotia were smaller in size but statistically no significant 
correlation was found. 
Out of ten surveyed districts group “A” isolates were most prevailiing and 
covered 82.89% population of Aspergillus flavus, followed by group “B” isolates 
that covered 10.69% population and group “G” isolates covered only 6.42% 
population. Four districts viz., Surendranagar, Bhavnagar, Anand and Porbandar 
showed spread of only group “A” isolates, whereas all three groups i.e., A, B and G 
were prevailing in Junagadh, Amreli and Bhuj districts.  
Based on indirect competitive ELISA among 187 isolates, 128 isolates were 
non-toxigenic constituting 68.5 percent of the total isolates, 35 isolates were 
moderately toxigenic constituting 18.7 percent of the total isolates and 24 isolates 
(12.8 %) were highly toxigenic. Ammonia vapor method was also used to asses 
toxigenicity and it was found that among 187 isolates, 83 were non-toxigenic 
constituting 44.4 percent of the total isolates, 80 were moderately toxigenic 
constituting 42.8 percent and only 24 isolates (12.8 %) were highly toxigenic. By 
comparing the data of these two methods it was found that both methods showed 
12.8% highly toxigenic isolates. 
All the 187 isolates of Aspergillus flavus at NRCG accession were 
characterized for sclerotial producing ability vis-à-vis toxigenicity. No significant 
correlation was found between sclerotial production and the aflatoxigenicity of the 
isolates. 
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Diversity analysis of all 187 Aspergillus flavus isolates was done on the basis 
of morphological characters (morphological group of isolates, colony diameter, 
number of sclerotia and size of sclerotia) and aflatoxigenicity. On the basis of 
diversity analysis the isolates could be grouped into fifteen distinct clusters. Group 
A isolates may be grouped into ten different clusters. It was found that all group A 
isolates were completely distinct from B and G group isolates on the other hand 
Group B and G isolates showed some common types of characters, hence could 
grouped together in clustering. Contribution of the five characters toward 
divergence of the isolates through PCA revealed that in vector I (Z1) the important 
characters responsible for genetic divergence were morphological group (0.52) and 
colony diameter (0.27), while in vector II (Z2) colony diameter (0.67), number of 
sclerotia (0.56), size of sclerotia (0.42) and morphological group (0.33), indicating 
the importance of these characters in the diversity of isolates. Aflatoxigenicity did 
not contribute to the diversity of isolates. 
All Aspergillus flavus isolates have been PCR amplified for ITS –I, ITS – II 
and ITS I-5.8s rRNA gene-ITS II region by ITS 1 & ITS 2, ITS 3 & ITS 4 and ITS 
1 & ITS 4 primers combination respectively. The size of ITS–I and ITS–II spacer 
regions were approximately 200 and 350 bp respectively and size of ITS I-5.8s 
rRNA gene-ITS II whole region was approximately 600 bp. The ITS–I spacer 
region was present in 184 (98.4%) isolates and the size of amplified fragments 
were observed in the range of 195-285 bp. The ITS–II spacer region was present in 
129 isolates (68.9%) and the size of amplified fragments were observed in the 
range of 280-405 bp. The ITS I-5.8s rRNA gene-ITS II whole region was present 
in 166 isolates (88.8%)  and the size of amplified fragments were observed in the 
range of 550 bp to 650 bp approximately. Less than 550 bp fragment was found in 
46 isolates (24.6%), where as more than 650 bp fragment was observed only in 9 
isolates (4.8%). Based on ITS study a composite dendrogram was prepared that 
could be divided into thirteen distinct clusters. Using ITS primers all 187 
Aspergillus flavus isolates could be classified in distinct clusters, in addition to that 
group B and G isolates could also be clustered in distinct clusters. The isolates 
showing much similarity in fragment size were further confirmed by single strand 
conformation polymorphism (SSCP).  
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In order to confirm the differences in the fragment size, which were varying 
only for few base pairs, total 50 isolates were selected and amplified with the 
primer combination ITS 1 and ITS 4 followed by confirmation with single strand 
conformation polymorphism (SSCP). Better resolution capacity of SSCP technique 
made it possible to differentiate some of those isolates, which could not be divided 
on the basis of agarose gel electrophoresis pattern. 
AFLP study was carried out with selected primer pair combinations (EcoRI 
+AA/MseI + A; EcoRI + AC/MseI + G; EcoRI + AC/MseI + A; EcoRI + AC/MseI 
+ T; EcoRI + C/MseI + CAG), which turned out to produce a complex, well 
resolved fingerprint pattern. Primer combination EcoRI + C/MseI + CAG produced 
maximum polymorphic bands (73%), where as EcoRI + AC/MseI + T produced 
minimum polymorphic bands (49%).  Amplified fragments in the range of 
approximately 100 to 500 bp showed maximum number of bands, which 
contributed towards calculation of polymorphism and similarity index. All 5 primer 
combinations could clearly differentiate A, B and G group in distinctly different 
clusters. 
Genetic similarity index (SI) was calculated for paired comparison of all 
isolates based on the normalized identity of each locus in each of the analysed 
isolates. On the basis of composite SI value of all five AFLP primer combinations 
it was observed that minimum SI value was as low as 0.0% among 15 isolates and 
as high as 100.0 % among 6 isolates. It is evident that there were more scoreable 
polymorphisms within group A of A. flavus than within group B and G A. flavus 
isolates, using the five primer-pair combinations. Based on the unrooted 
dendrogram of all A. flavus isolates it was observed that most of the isolates 
collected from same district could come in the same clade except few. The AFLP 
markers were not useful to discriminate among isolates with different toxigenic 
ability, as aflatoxigenic and non-aflatoxigenic isolates were scattered throughout 
the dendrogram. Most of the isolates of similar district could be clustered together. 
Within district and within group also lot of genetic variability was observed. It has 
also been observed that few isolates of other districts were genetically close to the 
isolates of other districts. All five AFLP primer combinations could show some 
specific fragments, which may be specifically used for the identification of 
different group of isolates from each other. These diagnostic/specific fragments 
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could be useful to establish a PCR-based diagnostic assay by developing sequence 
characterized amplified regions (SCARs). 
A composite analysis was done including morphological, biochemical and 
molecular data. Number of sclerotia per plate, size of sclerotia and colony diameter 
were the morphological parameters used for analysis. In biochemical parameter 
only aflatoxin content was used for analysis. ITS data and AFLP data was used as 
molecular parameter. Based on these data a composite dendrogram was prepared 
using average linkage between groups by statistical software SPSS. Isolates could 
be grouped in several clusters and sub clusters based on this composite analysis. 
On the basis of this composite analysis it has been observed that the isolates could 
be grouped according to aflatoxigenicity as well as sclerotia production and 
sclerotial size. 
 
Conclusion: 
 There were significant variations among the isolates for colony color, colony 
diameter, sporulation, sclerotial production and aflatoxigenicity. The 
variability for these traits has been catalogued systematically. 
 All the 187 isolates characterized belonged to Aspergillus flavus and divided 
into three morphological groups, viz., Group A (155), Group B (20) and Group 
G (12). 
 The preliminary information generated on aflatoxigenicity and non-
aflatoxigenicity of the isolates across groundnut production system in Gujarat 
could be utilized to develop a distribution map of these isolates after further 
intensive studies. The location comprising non-aflatoxigenic native Aspergillus 
flavus isolates could be safely used for the production of aflatoxin free 
groundnut. 
 The information on 24 highly aflatoxigenic isolates exhibited capability to 
produce high aflatoxin content makes it imperative to pay more attention as 
this toxin has been reported to be immuno-suppressive and thus leading to 
health hazards. 
 Based on ITS study it is concluded that ITS region may be used for primary 
screening purpose to identify the isolates of Aspergillus flavus. It is fast and 
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cost effective technique and becomes more reliable and efficient method for 
identification of different morphological groups of isolates of Aspergillus 
flavus if supported by nucleic acid sequence analysis of ITS I and ITS II 
regions in combination with a BLAST bit score. Thus, universal ITS primers, 
designed from highly conserved sequences 18S, 5.8S, and 28S, may efficiently 
support morphological characterization. 
 The adoption of the SSCP technique made it possible to differentiate some of 
those isolates which could not be differentiated on the basis of agaroge gel 
electrophoresis. SSCP analysis offers a reliable method to distinguish among 
isolates of Aspergillus flavus and is simpler and found more rapid than some 
other methods based on DNA hybridization. But any meaningful clustering 
could not be obtained. 
 In the present study the AFLP technique could successfully discriminate the 
Aspergillus flavus isolates of B and G group from the isolates of A group. 
Based on our finding we may suggest that AFLP technique will provide more 
genetic information about the Aspergillus flavus isolates from groundnut based 
cropping systems in India compared to ITS study and may be used as a 
powerful molecular tool for studying genetic diversity in Aspergillus flavus.  
 Based on AFLP molecular marker technique some specific fragments could 
also be identified as molecular markers in isolates and may serve as specific 
markers for identification of respective set of isolates or morphological group 
of isolates.  Thus, these diagnostic/specific fragments could be useful to 
establish a PCR-based diagnostic assay by developing sequence characterized 
amplified regions (SCARs). This could be particularly important in the 
prevention of peanut contamination with aflatoxin. 
 Considering overall results of AFLP analysis it was found ineffective for 
separating the isolate types on the basis of aflatoxigenicity, as both 
aflatoxigenic and non-aflatoxigenic forms were intermixed within the groups 
with no clear separation. 
 A district wise distribution map has also been constructed showing distribution 
pattern of different morphological groups of isolates of Aspergillus flavus that 
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may be taken into consideration for development of location specific aflatoxin 
management programme. 
 Based on diversity analysis most of the isolates of similar district could be 
clustered together, which showed that they are also genetically similar. Within 
district and within group also lot of genetic variability has been observed. It 
has also been observed that few isolates of other districts were genetically 
close to the isolates of other districts, the probable reason for this may be the 
dissemination of isolates from one district to another district either by the 
means of kernels or pods. In order to have aflatoxin free groundnut this 
information could be useful to avoid procurement of seed material from the 
location, where toxigenic isolates of Aspergillus flavus prevail. 
 A composite analysis was carried out using morphological, biochemical and 
molecular data. These data were analyzed with SPSS statistical software and a 
dendrogram was prepared using average linkage between groups. Based on 
composite analysis some very meaning full clusters were observed. All isolates 
could be divided into several major clusters and sub clusters on the basis of 
aflatoxigenicity and sclerotia production. Grouping on the basis of 
aflatoxigenicity was not possible, when done in isolation either with 
morphological data or molecular data but on the other hand composite analysis 
of molecular data along with morphological and biochemical data could group 
highly aflatoxigenic isolates together and non-aflatoxigenic isolates together in 
small sub clusters as discussed above. Thus, composite analysis may be more 
reliable and may give more meaning full clustering pattern of isolates. 
 Systematic molecular characterization supported with morphological and 
biochemical characterization of large number of isolates (187) of Aspergillus 
flavus from groundnut production system and development of a catalogue is a 
first of its kind of study carried out under Gujarat conditions in India.  
 A repository of these isolates is also maintained by Directorate of Groundnut 
Research, Junagadh, Gujarat, India. From this repository non-aflatoxigenic 
isolates may be tested for its potential to be used as biocontrol agent against 
aflatoxigenic isolates. 
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Appendix I: Survey Information Sheet 
 
   I. About the farmer: 
Name:  Literacy status: 
Category Small / Marginal (<1ha)  Medium (1–5 ha) Large (> 5 ha) 
Total holding  
Area under groundnut: Variety:  
Seed source Own                     Neighbour                 Market                   Seed company  
Cropping systems Mono crop  Inter crop Sequence Others 
Kharif     
Rabi     
Summer     
Soil type  Clay Loamy Sandy 
Irrigation Irrigated Rainfed 
Fertilizers applied  N P K  Others 
End – season drought: 
II. Farmer awareness & knowledge: (Give the scale in the box: 1: Important 2: Not important 
                                                                                                        3: Unaware) 
Aflatoxin contamination                                           Unseasonal rains / drought    
Diseases:    Leaf spots         Rust            Stem rot        Collar rot        Bud necrosis          Nematodes      
                                                                                                                                   
Insect pests:  Jassids      Thrips       Aphids     Helicoverpa      Termites        Root grub         Leaf miner   
                                                                                                                                    
Control measures adopted:    Spray chemicals           biopesticides            other                none     
(Give details) 
 
Source of improved  
Technologies:  
Self – innovative  Local SAU  Dept. of Agriculture 
Sample details:  
Type of sample  Seed  Fodder Feed Soil Cake 
Sources of sample Field Household Market 
Physical condition of the 
sample 
Good 
 
Shriveled & 
discoloured 
Damaged by insects Others 
Storage method: 
 
 
Drying method: 
III. Socio-economic conditions 
What attracts farmer to grow 
groundnut 
a) Monetary return b) Tradition c) Good variety & 
good yield 
d) Any other 
Members involved in farming  Male Female 
Sources of credit for crop 
husbandry 
Self Banks Co-operative Private 
Yield/ha  Returns per ha (Rs.) 
Market place (place & distance) 
 
 
 
  
Sheet No:  Village:  Field No:  Sample No: 
Centre:  Taluka:  Latitude:  Altitude:  
Date:  District:  Longitude:  
